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PREFACE.

"When we reflect upon the distinguished share

which our countrymen have borne in improving the

knowledge of the animal oeconomy, it may appear

jiot a little remarkable, that we have no original

work in our language which contains a systematic and

connected view of modern physiology. My object in

.the following pages is to endeavour to supply this

deficiency, by presenting the student with a concise

view of the present state of the science, embracing an

account of the most important facts and observations,

as well as of those theories and hypotheses which have

been the most generally received, or have been sanc-

tioned by the authority of the most eminent names.

As my design is to furnish an elementary treatise,

my first aim has been perspicuity, both in language

and in arrangement ; and although it has not been my
intention to produce what may be styled a popular

work, yet I conceive that it contains so little of what

is strictly technical, as to be generally intelligible to

those who are not conversant with the medical sciences.

Viewing it, however, in connexion with its appro-

priate object, I have endeavoured, in all cases, not

merely to afford the student a digested abstract of

a 2



IV PREFACE.
i^iih mii to aoofrfitgfii Ik ofirlv/ ^^fr/fivno"-

the present state of our information oii the various

topics which it embraces, but by referring hjj^^^

the som'ces whence I have derived my informat^^^f^()
enable him to examine for himself hpw fa^^jj[j,^y}^

given a correct account of them, and to assist hin;,,^

pursuing the investigation of any part in whic^

may feel more particularly interested. And I

here remark that in no instance have I given a refer*

ence to any book which I have not myself examined,

and that in order to facilitate the progresSj, . ofj those

who may be disposed to follow me in this trac}i,^J

have appended a list of the works that have been covl-

suited, with the dates of the editions employed.
.^^^^

With respect to references, the plan which I have

proposed to myself has been to indicate, in all in-

stances^ the original sources of my materials, Tyhil|e,

at the same time, I have avoided filling my pages wii^

a multitude of quotations, which could afford no addi-

tional authority to the subject in question. On one

point I profess myself to have exercised all the care of

which I was capable, in scrupulously assigning to each

individual the share of merit which justly belongs, ,^©

him in the discovery of facts or the formation of thepry.

During the progress of information, and while kupp-

ledge is rapidly advancing, it not unfrequently happens

that the same fact is discovered, or the same train of

reasoning developed, by different individuals entirely

independent of each other ; but w;here the priority of

publication is clearly prOvecl,^ (vye pf^ght. to he cautious

in admitting any claims that are subsequently brought
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forwards, wliile all instances of that disingenuousness

Which altits 'a;t isuppressing the names of preceding

wtif^i^' for the purpose of procuring a surreptitious

celebrity, cannot be too severely reprobated. But to

the credit of the English be it said, that such exam-

ples are among them extremely rare. It is impossible

to peruse the various scientific and medical journals of

the metropolis without observing, that so far from

l3e*^ping back the various discoveries that are made in

dlher countries, one of their first objects is to obtain

priority of information on these topics, and it is truly

gratifying to observe with what quickness and accu-

rd'cy it is transmitted to us from the various parts of

the continent.

^ '^T feel it incumbent upon me to make some obser-

upon the portion of the work which I have

^a^fcted to the consideration of physiological theories.

^^Vhen we call to mind the fate of those which have

hitherto been given to the world, how even the most

^(^laborate of them, and those which appeared to be

best founded, have been successively discarded, and

^e^tfplace to some new speculation, which has, in its

Ti^', shared the fate of its predecessors, we might he

'iJStfpted to regard the whole as undeserving of any

"Mil df^'bhf attention. But, although the truth of

Jffi^^%'iTgMng 'sfatenlent cannot be denied, still, I

^"i^pprehend, the subject possesses many claims upon us.

^tt might be sufficient to allege that the theories of

eminent physiologists form a curious part of the his-

^^idVj'^bi the sdenxie, thit -tbejy mark the progress of
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knowledge, and exhibit, in an interesting point of

view, the operations of the mind in its attempts to

arrive at truth. It can surely never be considered

as an unimportant or trifling pursuit, to inquire how
such men as Haller and Hunter reasoned, or by what

mode of investigation they were led to the discovery

of the truths which immortalize their names.

And further, although no one in the present day

can be insensible to the comparative value which

ought to be attached to facts and to opinions, still

they are often so intimately blended together that it

is extremely difficult to separate them, and this is

more especially the case in the study of physiology,

where, from obvious causes, it is much less easy to

make observations, or to perform experiments that

may lead to unexceptionable results, than when we

operate upon inanimate matter. Even the most

unfounded, and, as we now conceive them, the most

absurd theories of the chemical and mathematical

physiologists of the seventeenth century, were, to a

certain extent, derived from what, at that period, was

called experiment, and which satisfied the minds of

the learned men of the age; yet if we except the simple

detail of anatomical observation, there is perhaps

scarcely a single statement against which we should

not now be disposed to offer some objections. And
there is another circumstance which renders it neces-

sary for the student to be made acquainted with the

most noted theories of the older writers, that without

this knowledge their works would be unintelligible

;
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for $uch complete possession had these, topics taken of

their minds, that we can scarcely peruse a single page

witliout meeting with some theory, either expressed

or implied, which is intimately connected ,no less with

their observations than with their reasoning.

And I shall further advocate the cause of theory,

as being a direct means, and that a very important

one, of acquiring a knowledge of facts. In prose-

cuting our investigations we are necessarily guided

by some object, and this is, in most cases, a precon-

ceived hypothesis, which we wish either to put to the

test of experiment, or to inquire how far it can be

reconciled with the structure of the body or the

operation of its functions. This is the natural pro-

cess by which information is acquired ; the,jq^rors into

which we have so frequently fallen do not consist in

the legitimate employment of hypothesis^ but in our

being so much influenced by it as to " mistake the

scaffold for the pile," to regard a train of reasoiiing in

the same light with a deduction from facts. Who
that has attended to the state of chemical science fcr

the last 50 years can reasonably doubt, that its pro-

gress was prodigiously accelerated by the formation

of the Lavoisierian tlieory, by classing the insulated

fects in a systematic form, by generalizing the con-

clusions that appeared to be fairly derived from them,

by introducing a uniform nomenclature, and by dis-

carding a mass of antiquated opinions and phrase-

ology ? Yet this edifice, so beautiful in its separate

parts, and which seemed so consisjept^ag % wl^ole, and
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SO firmly connected together, appears destined to

fall before the powerful genius of Davy ; its strong

holds have been assailed, and it tott^s to ijtSi ygry

base. s-ffrrrr^^
-^l^j-fl gtl£q

ii«tPQj? of the prevailing errors of the present day J

conceive to be a fondness for constmcting new arh

rangements, and for introducing new terms into all

the . physical sciences. This is, no doubt, partly

owing to the rapid increase of information, which,

to, a certain extent, produces a necessity for a change

bftth of system and of language ; but the innovations

ha?ye been carried to a most unreasonable lengths

Indeed this is so much the case, that in some de^,

partments, the attention is almost entirely engrossed

by the study of nomenclature, while in consequence

of tlie variety of denominations that are given to the

s?i,TOe object, and the number of technical terms with

V|rh4ch the memory becomes charged, we defeat ciiMf|

^^ry end and object, which is to produce a uniformity/

of names, and a greater simplicity in our designatioa-

of things. In the following work it has been mjii

aim to form an arrangement, which shall be no further;

technical than is absolutely necessary for announcing

t}jp fiibjects as they successively fall under our not^ce^T

scarcely a single new term is introduced, while, with

a very few exceptions, I have employed the old terms

in their most generally received acceptation, and have

endeavoured always to use them precisely in the same

sense. f?;)'V^r. nrf4 :;rrrrr '-V

. Although I am<i|i((>|;/ sensible that I have omitted
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a«y reasonable means fdi' reiidei4li^g %iy work eom-

pletCj yet I am fully aware that, "a%r^^Ml^tte pam^

^at I have bestowed upon it, it must contain many

parts that require correction, both with respect to

ilief ^statement of facts and the inferences that are

deduced from them. It is, in a great measure, from

this consideration that I have determined to publish

it- in separate volumes, in order that I might be able,

in the second volume, to correct the errors and supply

the deficiencies which should be pointed out as occur-

ring in the first. And I beg to remark upon this

subject, that I shall pay every attention to the criti-

cisms that are made upon the work, and shall thank-t

fully avail myself of all the information that I can

obtain from this source. -"^^^ (a>

cannot conclude these remarks, without adverting

is6 the great advantage which I have derived in the

|l*Osecution of this work, from the very extensive and

valuable library of the Medical and Ghirurgical

Society. When we reflect upon its recent date, and^

bear in mind, that it was established by a few private^

individuals, depending for its support solely upon the^

sefl^e-'of its utility, we cannot estimate too highly

th^'jiublic spirit of those who were the most active iir

itfe original formation. To the survivors it is a suffi-

cient revr'ard to witness the success of their labours,

but I trust that I shall be pardoned for introducing

in this connexion the name of Dr. Marcet, among

whose claims to the gratitude of his profession, perhaps

the 'Very considerable share which he had in the



establishment of the Medical and Chirurgical Society,

must be considered as the most important.^

Upper Bedford Place,

Dec. 4, 1823.

* I am aware that it is seldom proper to ol^trude upon the

public feelings of a personal nature, yet I shall hope for the

indulgence of my readers if I offer my testimony to the distin-

guished merits of ray much valued and ever to be lamented friend.

His character has been so justly delineated by the elegant and

correct pen of Dr. Roget, that I can do no more than give my
warm assent to the sentiments expressed in his memoir, an assent

sanctioned by an unreserved and confidential intimacy of twenty*

eight years.

ADVERTISEMENT TO THE SECOND EDITION.

The only alterations that have been made in this edition, are

the correction of the verbal and literal errors of the former, the

introduction of a few additional notes, to which an asterisk is

prefixed, and references to the various appendices inserted in the

third volume.

Upper Bedford Place,

Mar. 4, 1828.
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INTRODUCTORY OBSERVATIONS.

The term Physiology, according to its original

meaning, is nearly synonymous with Natural Philo-

sophy ; but it has for a long time been always used

in a more limited sense, and restricted to that branch

of science which treats of the functions of the living

animal body, and of the powers by which these func-

tions are exercised.^

Notwithstanding the value which must have been

at all times attached to the study of the animal body,

both as holding the first rank in the scale of natural

objects, and as being intimately connected with the

various departments of medicine, its functions were

seldom made a distinct object of investigation until

the beginning of the last century. Although the

writings of the ancient physicians, and of the earlier

among the moderns, abound in physiological specula-

tions, they are rarely brought forwards in a connected

or systematic form ; so that we are obliged to collect

our knowledge of their tenets more from a number of

scattered fragments, that are dispersed through works

on medicine and pathology, than from treatises ex-

pressly devoted to the subject.

* Some of the Germans have lately employed the more correct

term biology, as designating the science, which essentially consists

in the knowledge of those properties which distinguish animate
from inanimate matter.

VOL. I. B
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Hippocrates may be regarded as the father of phy-

siology as well as of medicine, although from the

more complicated nature of the former, the actual

advances which he made in it were probably not very

considerable. We observe in his writings many

traces of the Pythagorean philosophy, but, at the

same time, we meet with a large proportion of what

is original, or, at least, what has not been traced to

any other source. One of his leading tenets is the

existence of a principle which he styles nature (p-JTig),

and to which he ascribes the direction and superin-

tendence of all our corporeal actions and movements.

To this principle he attributes a species of intelli-

gence, and conceives that one of its most important

offices is to attach to the body what is beneficial, and

to reject from it what would prove injurious; an

hypothesis which, although expressed in different

ways, and clothed in a more or less mysterious form,

has continued to be a popular doctrine to the present

day. Besides this nature, which is regarded as the

prime agent, there are other subordinate principles or

faculties ((^uva/^u?) which especially operate in the

production of the various functions.

V/ith respect to the body, he conceives it to be

composed of three kinds of substances, solids, fluids,

and spirits, which are themselves formed by the com-

bination of the four primary elements. The nature

of the body is supposed to be materially affected by

the nature of the four elements which enter into its

composition ; as well as by the four quahties of hot,

cold, moist, and dry ;
which, by their respective
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combinations and proportions, produce the four tem-

peraments. These are considered as original predis-

positions existing in the body, influencing both its

mental and corporeal character, and laying a founda-

tion for the diseases to which the individual is more

especially liable. In his account of the different

functions of the body, although we observe many

marks of sagacity and acuteness, yet there is much

that is inaccurate and erroneous. His acquaintance

with the minute structure of parts was limited ; but

little was known of the nature of the external agents

which affect the corporeal organs ; while the use of

the organs themselves was derived from vague con-

jecture or false analogy. Hippocrates also adopted

. the mysterious opinions of Pythagoras respecting the

occult power of particular numbers ; and he believed

that the stars exercise an influence over the operations

of the body.^

Little or no advance was made in the science of

hysiology from the time of Hippocrates to that of

Aristotle. The genius of Aristotle and the course in

which it was directed were, in many respects, well

adapted for the imj)rovement of this science. He
appears to have been the first arriong the ancients who
advanced comparative anatomy and natural history to

any considerable degree of perfection ; and while he
enjoyed great advantages for obtaining information

on these topics, he cultivated these advantages with

» The best view of the Physiology and Pathology of Hippocrates,

which are every where blended together, is contained in his trea-

tise " De Natura Hominis ;" Opera a Foesio, t. i. p. 224 ..231,

B 2
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miicli assiduity. Hence he acquired an extensive

acquaintance with natural objects, and may be con-

sidered as having made an actual advance in our

knowledge of the animal oeconomy, although perhaps

less than might have been expected from the means

of information which he enjoyed, and the powers of

mind which he displayed on other topics.

After the death of Aristotle we have another long

interval, during which no progress was made in phy-

siological science, when it received a new impulse

from the genius of Galen. A considerable share of

the celebrity which this extraordinary character at-

tained is derived from his physiology. When we

compare his treatise *' On the Use of the Parts of the

Body" with any work on the same subject published

before his time, we cannot but admire the superiority

of his information and the ingenuity with which he

applies it to the explanation of the animal oeconomy.

Yet on both these points he is not without considerable

deficiencies and inaccuracies ; his physiology is fre-

quently founded upon fallacious principles ; and in his

application of such as are more correct, he displays

more of what may be termed ingenuity, than oif that

cautious discretion, which is so necessary in th^, in-

vestigation of any intricate point, connected with the

actions of vitality.

Galen was a warm admirer and encomiast of Hip-

pocrates ; he professed to agree with him ju all his

fundamental doctrines, and to aim at little more than

to elucidate and amplify his principles. But although

he sets out from the same point, he soon deviates into
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a more intricate path ; and he becomes so involved in

abstruse and complicated hypothesis, that we are no

longer able to trace the simplicity of the original in

the refined speculations of his commentator. He as-

sumes the four elements and the four qualities ; but

in his application of them either to physiology or ta

pathology, he introduces so many minute distinctions

and intricate combinations, as to give a new aspect to

the doctrine. The real merit of Galen, however, con-

sists in his knowledge of anatomy and in his acquaint-

ance with the minute structure of parts, in which he

made very considerable advances upon his contempo-

raries. The diligence which he displayed on these

points is worthy of our warmest applause
; yet the

encomiastic flattery of his followers, by the excess to

which they carried their admiration, has perhaps

somewhat tended to diminish his reputation. From
many circumstances connected with the history of the

age, as well as from the candid confession of Galen

himself, we may conclude that he rarely, if ever dis-

sected the human subject ; but that he examined the

bodies of apes, and of other animals the most nearly

resembling it; and from these, by making what he
deemed the proper allowances, he draws up his de-

scriptions. But his zealous disciples would not admit
of what they thought an imperfection in the work^
of their master 5 and to such an extent did they
carry this principle, that they even considered it

as more probable that the human body should have
undergone a permanent change in its anatomical

structure, than that Galen could have committed an
e rror.
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The superior talents of Galen, and the unrivalled

reputation which he obtained, seemed to repress all

further efforts for the improvement of physiological

science ; and his immediate successors, regarding him

as beyond the reach of competition, were satisfied with

implicitly adopting his opinions, without attempting

to inquire into their correctness, or to extend their

application. The spirit of the times but too power-

folly coincided with this feeling. The Roman em-

pire began to exhibit unequivocal marks of decline :

in every department of literature there was a defici-

ency of genius, and nothing more was now attempted

than to imitate the standards of excellence which liad

adorned the preceding age. But Rome, even in its

most splendid period, had bestowed little attention

upon the physical sciences ; and the efforts which were

BOW made were altogether imperfect and unavailing.

Nor was the revival of letters in the 15th century,

which roused the intellectual powers, after a dead re-

pose of nearly 1000 years, productive of the same

benefit to physiology as to many other departments

of science. From a variety of causes, partly perhaps

of an incidental nature, and partly depending upon

the limited knowledge whicli was then possessed of

the powers and properties of natural bodies, the phy-

siologists of that period fell into the error of ascribing

the phenomena of life to the operation of the laws

which influence inanimate matter. Hence arose

the contending sects of the chemists and the mathe-

maticians ; the former accounting for all the opera-

tions of the animal oeconomy by the chemical action

of the components of the body upon each otiier, the
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latter by the principles of mechanics. It is not ne-

cessary in the present day, to enlarge upon the waste

of genius and the misapplication of experimental re-

search, which originated from this fatal error; it may

be sufficient to remark, that although important facts

were occasionally brought to light, and many elaborate

investigations were instituted, from which some valu-

able information may be deduced, yet that not one

single hypothesis was proved, nor one single principle

estabhshed, of all those upon which so much labour

and learning were bestowed.

While the chemical and mechanical sects w^ere

thus dividing the opinions of the most learned men of

the age, a new doctrine was gradually rising up^

which, although in the first instance it was equally

remote from the principles of true science, yet after-

having received a number of successive purifications,,

it at length appeared in a more correct form, and

occasioned the complete overthrow of both the con-

tending parties. For this revolution we are indebted

principally to Stahl. This distinguished character

was brought up in the school of the chemists ; but

being possessed of a powerful understanding, he soon

deserted the tenets of his preceptors, from a full con-

viction of their futility. He was forcibly impressed

with the difference between the changes which the

components of the body experience during life, and

what would take place in the same substances under

other circumstances. Hence he concluded that when
they form a part of the living system, they must be

possessed of some additional principle, that counter-

acts the effects that would otherwise be produced^
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To the agent wliich thus opposes the physical powers

of matter, and to which the body owes its vital pro-

perties, he gave the name of anima. He conceived it

to possess powers of a specific nature, and he especially

attributed to it a species of intelligence, which enables

it to act the part of a rational agent, and to super-

intend all our corporeal operations.'

To Stahl, therefore, we must ascribe the merit of

clearly perceiving the inadequacy of the actions of

either chemical or mechanical causes to explain the

phenomena of life, a truth which we now regard as

incontrovertible, and which, obvious as it appears, had

been overlooked or disregarded by the most acute and

learned of his predecessors. But after having thus

established a firm basis for his hypothesis, he was led

astray by the fashionable metaphysics of the day.

Instead of investigating the nature of the animal

functions, and ascertaining the laws which direct

them, he deemed it sufficient to refer them all to an

hypothetical principle, which he invested with powers

accommodated to his purpose. In its general aspect

the anima of Stahl may seem to bear a near relation

to the (puo-j? of Hippocrates ; but there is this essential

difference between them, that Hippocrates employs

his term merely as a general expression of the facts,

whereas Stahl considers his hypothetical principle as

3 Theor. Med. ver.; Physiol, sect. 1. mem. 3. § 13. It may

afford a topic for literary discussion, how far Stahl borrowed

his notions from Vanhelmont, whose hypothetical agent, which

he named arclmis, bears a near resemblance to the anima. But

I should be disposed to refer Stahl's doctrine to Hippocrates,

with whose writings he must have been conversant.



Hoffman. 9

sometliing distinct from tlie body, which actually pro-

duces its powers and faculties. But although the

hypothesis of the anima was in itself gratuitous and

altogether objectionable, it had the good effect of

turning the attention to the phenomena more im-

mediately connected with life, of enabling us to trace

their connexion with the other operations of nature,

and ascertaining more correctly the laws by which

they are respectively governed. This progress was

indeed attended with much difficulty, and the

advances which were made in it were very gra-

dual ; but it is the correct plan of proceeding,

and that which must eventually lead to the true

theory of animal life, and to the just principles of

physiology.
,

When knowledge is acquired by slow degrees, and

truth is not elicited until after many unsuccessful

efforts, it is not easy to assign to each individual the

exact share which he contributed to the progress of

improvement, or to ascertain precisely in what pro-

portion his exertions may have conspired to the final

result. In the present instance I am disposed to at-

tribute a considerable share of merit to Hoffmann, who

although a hasty and multifarious, rather than a cor-

rect and consistent writer, seems to have been one of

the earliest who entertained correct notions respecting

the general principles and objects of physiology. He
had the sagacity to perceive that much of what Stahl'

ascribed to the operation of his anima, might be more

correctly attributed to the action of the nervous

system ; and he appears to have been among the first
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who duly estimated the importance of this part of our

frame in the vital operations/

Contemporary with Stahl and Hoffman was Boer-

haave, a man perhaps equal to them in the general

powers of his mind, or, if he possessed less genius and

originality, he was superior in judgment and informa-

tion. No one ever enjoyed greater fame as a teacher

;

and from this circumstance, as well as from their

intrinsic merit, his doctrines acquired a degree of

ascendancy over the puhlic mind which had, perhaps,

not been equalled since the time of Galen. But the

genius of the age was not favourable to the continued

dominion of any hypothesis ; and as the theory of

Boerhaave wanted the substantial support of facts, its

celebrity did not long survive its founder. He was a

professed eclectic; he selected from all preceding

writers what appeared to be valuable in their respec-

tive systems, and endeavoured to mould the materials

thus collected into one harmonious whole. Hence his

system was the result rather of learning than of in-

formation ; and although it indirectly tended to the

tletection of error, it induced a state of mind which

led to its own downfal.

But whatever advances may have been made until

this period in physiological science, they will appear

4 Hoffmann's writings occupy no less than six large folios, and as

he is generally deficient in arrangement, it is no easy task to select

those parts which may exhibit the clearest view of his doctrines.

His great work, Medicina Rationalis Systematica," contains

many remarks upon the nervous system, which show how muck

importance he attached to it. See particularly lib. i« sec. 3.
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of small amount when compared with the mass of

knowledge which burst upon us about the middle of

the last century, and for which we are principally

indebted to Haller. This celebrated man is, in every

point of view, entitled to the appellation of the fa-

ther of modern physiology, whether we regard the

nremitting assiduity with v/hich he cultivated the

science, or the actual advancement which he effected.

Every circumstance of talent, character, and situation,

conspired to promote his great object. In learning,

in industry, in discrimination, he has seldom been

excelled ; he devoted a large portion of his life to the

cultivation of physiology, while his rank and fortune

gave every facility to his exertions. What, however,

more especially entitles him to the highest commenda-

tion, is the method which he intr-oduced and establish-

ed, of investigating the phenomena of the living body

solely by observation and experiment, and keeping

hypothesis entirely in subjection to these two leading

principles. So powerful an effect indeed have his in-

fluence and example produced, that, since his time,

the science has assumed altogether a new aspect : and

from the publication of his " Elements," we may date

the commencement of a new era in physiology.

This great monument of learning and industry was

still in progress when Cullen entered upon his career

;

a man of a very different turn of mind, yet one who
was eminently useful in this department of know-

ledge. He excelled in general views rather tlian in

minute researches
;
and, without adding many new

facts to our previous stock of information, he arranged
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into a very beautiful and interesting system those of

which we were already in possession. Few persons

have contributed more than Cullen toiswee^ aWay the

useless rubbish of antiquity; and there is a spirit of

philosophical scepticism that pervades his writings,

which happily coincided with the inquiring genius of

the age in which he flourished.

Among the authors who have been most successful

in the cultivation of physiology, we must class John

Hunter. He possessed a remarkable share of boldness

and originality of conception; his mind was equally

ardent and acute; and to these qualities he added

the most patient industry in the investigation of

nature under every aspect in which she presents her-

self to our notice. The high situation which he held

in this metropolis, both as a practitioner and a teacher,

and the noble memorial of his talents, which is de-

posited in the College of Surgeons, have conspired to

raise his reputation to the highest pitch of celebrity.

In the explanation of the operations of life, he proi

fessed to proceed entirely upon the result of observa-

tion and (experiment; but, in this respect, he exhibitied

a singular example of self-deception, for his wii1!irigS

are, in fact, full of hypothesis and abound with theo-

ries expressed or implied ; hence he has unhappily

introduced into physiology a kind of metaphysical

language, which has certainly tended to impede the

progress of science, by substituting new expressions

for new ideas ; thus leading us to suppose that we had

gained an addition to our knowledge, when, in fact,

we were only employing new forms of speech. There
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is, however, no one since the time of Haller to whom

the science is more indebted for new facts than to

Hnnter ; and upon these his fame will be amply sup-

ported when -his speculations are forgotten. In his

physiological hypotheses. Hunter makes perpetual re-

ference to the existence and operations of what he

calls the vital principle. It is not easy, on many

occasions, to determine how far his expressions are to

be received in a literal, or how far in a metaphorical

sense, but many of them strongly resemble the Stahl-

ian doctrine, of an intelligent principle, connected

with the body, directing its motions, and preserving

it from injury or destruction. In his explanation cf

the functions and operations of the living animal, he

not unfrequently confounds physical with final causes,

and attributes to the specific effects of life, actions

that ought to be referred to the powers belonging to

inanimate matter.

Among the modern physiologists there is no one

whojh^s mfire just claim to our attention that Bichat,

whether we regard him as an observer of facts, or an

imipl'over of theory.-. Jn the course of a short life he

acquired an accurate and extensive knowledge of

aiiatpmy, and made many discoveries in this depart-

m^3tbt;QfiS!C^ien,Ge, which seemed to have been so entirely

pre-Gccupied by his predecessors. In his views of the

animal oeconomy, he proceeded upon the principles of

correct philosophy; he regarded the vital functions

as of a description essentially different from any other

natural phenomena, and diligently applied himself to

obtain an accurate knowledge of them, to observe their
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relation to each other, and to arrange them accord-

ingly. His classification will, indeed, in many of its

parts, appear too refined, and his speculations to sa-

vour too much of metaphysical subtilty ; but we must

regard him as having possessed an unusual share of

genius and acuteness, and as having made very con-

siderable additions to the stock of phjsiological

knowledge.

This brief sketch of the labours of preceding phy-

siologists will tend to point out both the cause of the

imperfection of the science and the method of advanc-

ing it. We find that for a long course of years, every

one who attem.pted to explain the operations of the

animal oeconomy, employed only those powers which

belong to inanimate matter ; and that, at a later

period, when the inadequacy of this mode became

apparent, instead of inquiring into the actual nature

of the specific powers of vitality, it was deemed suf-

ficient to have recourse to certain hypothetical prin-

ciples, derived from false analogies or from the

mistaken philosophy of the age. The more correct

opinions of the present day, for which we are in a

great measure indebted to the sagacity of Haller, have

led us to conclude that all the appropriate actions of

the living system may be referred to the two classes

of motion and feeling ; and that these depend upon

two principles inherent in the body, contractility and

sensibility, the one seated in the muscular fibre,

the other in the nervous matter. To the action

of one or other of these principles, every corporeal

change may be ultimately referred ; and it is through
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their immediate operation that all the functions arc

performed. Hence we have a foundation for an

arrangement of the functions into contractile and

sensitive, to which I propose to adhere in the foilow-

ina: work; and for reasons which will he hereafter more

fully detailed, I shall begin with the former class.

The functions which belong to this division are, the

circulation of the blood, respiration, animal tempe-

rature, secretion, digestion, assimilation, absorption,

and generation.

But, before I proceed to the individual functions, it

will be necessary to give an account of the nature of

the two powers of contractility and sensibility, and of

the organs by which they are exercised ; the muscles

and the nerves. It will be also found advantageous

to premise a description of membrane and bone, be-

cause these substances constitute, as it were, the basis

of the body ; and without some knowledge of their

nature, it would be difficult to comprehend the opera-

tion of the muscles and the nerves, or the connexion

which they have with the system at large.

After reviewing in succession the various contractile

functions, I shall proceed to the other great division,

the sensitive. These comprehend what are commonly

styled the five senses ; sight, hearing, smell, taste, and

touch ; and besides these are other classes of sensa-

tions, which appear equally specific, although from

the mode in which they operate, or the organ by
means of which they are exercised, their distinct na-

ture has not been so generally recognised. Of these,

some of the most important are the sensation that
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attends muscular contraction, that of heat and cold,

tind that of hunger.

The connexion between the corporeal and mental

part of our frame is so intimate, that it is impossible

to acquire a complete knowledge of the one, without

paying some attention to the other. There is a very-

important class of phenomena of an intermediate, or

perhaps, more properly, of a compound nature, where

an effect upon either a contractile or a sensitive func-

tion is succeeded by some intellectual operation, or

where an intellectual operation produces a change in

the action of the corporeal organs. Some of the more

important of these will be briefly noticed; and although

it will be my object to encroach as little as possible

upon the province of the metaphysician, I shall be

unavoidably led to consider some of those topics which

are only indirectly connected with physiology; of

this description are the effects of association, habit,

imagination, sympathy, and volition.

A very curious subject connected with the animal

oeconomy, which must engage a share of our attention,

respects the causes which produce the differences be-

tween individuals, both those which more immediately

affect the external form, giving rise to the varieties

of the human species, as they are termed, and those

which seem to depend more upon the internal actions

of the system, constituting the temperaments. This

subject will naturally lead us to notice the curious

subject of craniology; and, connected with this, I shall

venture to offer some observations upon the much

controverted question, of the nature of the connexion
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between the intellectual faculties, and the organ by

which they are exercised. In the last place, I shall

make some remarks upon the natural progress of the

animal body, from the commencement of its existence

through its state of maturity, to its decline, and final

dissolution, by which its component parts fall into

decay, and its appropriate powers are at first impaired

and lUtimately destroyed.

VOL. 1. C





ELEMENTS

OF

PHYSIOLOGY.

CHAP. 1.

OF MEMBRANE.

When we examine the structure and composition

of the animal body, the most obvious division of its

component parts is into solids and fluids ; the frst

being fixed and permanent in their nature, and afford-

ing the basis by which the general form is determined

;

while the latter are lodged in appropriate receptacles,

formed by the solids, are generally in motion, or are

undergoing some obvious changes in their quantity or

quality. The science of anatomy, which professes to

describe the mechanical structure of the body, and

tlie physical relation which its parts bear to each

other, is principally concerned with the solids ; while

both the solids and the fluids are equally the province

of the physiologist, whose business it is to study the

nature of all the substances that enter into the animal

frame. The solids, as being the most durable part of

the fabric, and as forming the organs necessary to pre-

pare the fluids, and to apply them when prepared to

their different uses, seem to offer themselves as the

c 2
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first objects of our attention ; although, upon a more

minute examination, we may find the fluids to be of

no less importance in our oeconomy, as either by the

intervention of external agents, or by the action of

their components upon each other, they are, in most

cases, the media through which those operations are

effected, which are essential to life. It must, how-

ever, be remarked, that the terms solid and fluid, as

applied to the components of the body, are rather

relative than positive ; there is scarcely any part so

solid, which may not by desiccation or by mechanical

compression be rendered still more compact; and most

of what have been called animal fluids are composed

of water, containing different species of solid matter

imperfectly dissolved, or merely in a state of mecha-

nical diffusion. The principal varieties of solids, con-

sidered in relation to their form and structure/ are the

bones, with their appendages, the cartilages and the

5 The method of viewing the animal body as composed not

merely of a number of organs, but each organ as itself composed

of a variety of textures, which are more or less common to the

different organs, appears to have originated with Dr. C. Smyth,

as illustrative of the phenomena of inflammation. It was carried

to a much greater degree of minuteness by Bichat, who extended

it to all parts of the body, and employed it as a leading principle

of his systematic arrangement. It must no doubt be regarded as

one of the greatest improvements that has been introduced into

our science ; but I have not formally adopted it in the following

pages, because the elementary nature of this work seemed scarcely

to render it necessary ; while, at the same time, it might have led

to useless and tedious repetitions. The reader may, however, ob-

serve that the general principle is always held in \dew, and is, in

many cases, directly referred to.
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ligaments, the muscles with the tendons, the mem-

branes of all descriptions, the various kinds of sacs

and vessels, the fat, and the cerebral matter. If we

arrange the solids of the body with regard to their

chemical composition, and to the uses which they

serve in the animal oeconomy, we may place them

under five divisions ; the osseous matter, the mem-

branous, the muscular, the adipose, and the cerebral '°

and we may say, in general terms, that the compara-

tive degrees of their solidity or fixedness are in the

above order. I shall not, however, follow this ar-

rangement in the description of the solids, as the plan

which I propose to adopt in the following pages is

founded rather upon the functions which the body

exercises, than upon its composition. I propose to

give an account of both the solids and the fluids, as I

successively treat of the functions of those parts in

which they exist in the greatest quantity or the most

perfect state ; in consequence however of its general

diffusion through all the organs of the body, it will

be found convenient to commence with the membra^
nous matter.'

6 M. Beclard reduces the primitive classes of organized solids to

three ; the cellular, the nervous, and the muscular ; his division of
cellular comprising the osseous, the membranous, and the adipose

of the above arrangement ; Add. a I'Anat. Gen. de Bichat,
i?, 2.

This is likewise the arrangement of Cuvier ; see Diet, des Scien.

Nat. "Animal," t. ii. p. 158. & seq.

y I have not thought it expedient to adopt any of the arrange-
ments of the subjects of physiology, which have been formed with
so much labour and ingenuity by some of the modern French
writers

; those, for example, of Dumas, Bichat, Richerand, £^d
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§ 1. Extent and Structure of Membrane,

Membrane is the most simple in its structure of

iany of tlie organized parts of the body ; it is the most

extensively diffused, and exists in the greatest pro-

portion. The coveHngs, not only of the body at

lai-ge, but of each of its individual parts, both internal

and external, are principally composed of membrane

;

and it lines all the cavities in which the different

organs are situated. It constitutes the main bulk of

the bones, and detennines their figure ; the earthy

matter upon which their strength and hardness de-

pend, being deposited in a tissue of membranous cells.

Membrane also enters into the structure of muscles,

not only affording them an external sheath, in which

they are each of them enclosed, but the same matter

is also interposed between their fibres, separating

them into bundles, to which it, in like manner, affords

a distinct covering, and these into still smaller bun-

dles, uiltil it appears at length to envelop each in-

dividual fibre. The membranous matter composes

very nearly the whole bulk of the tendons, by which

the muscles are attached to the bones ; of the liga-

ments, by which the bones and other solid parts are

connected to each other ; and of the cartilages, which

form the basis of many parts of the body, supplying

the place of bone, and which also cover the ends of

Magendie, The object of these authors appears to have been to

produce a system which should be equally applicable to physiology

and to anatomy; but it may be doubted whether their plans have

not become complicated and unnatural, in proportion as they are

rendered more comprehensive. For some useful remarks on this

ubjectj see Ed. Med. Journ. v. Xv. p. 565.
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the bones, and assist in the formation of the joints.

It also enters very largely into the composition of the

hair, the nails, and other similar parts connected

with the surface. It likewises composes what is

called the cellular texture, a series of cells or inter-

stices, which extends over a great portion of the body,

fills up its intervals, and serves to unite the different

parts to each other. Membranous matter is the chief

ingredient in the glands, both those which are attach-

ed to the absorbent system, and those which are ap-

propriated to the office of secretion. The brain is also

enveloped in a covering of membrane ; and it is pro-

bable that the nerves are composed of a series of fibres

enclosed in membranous sheaths, analogous to those

of the muscles. The pouches or sacs, which are

found in different parts of the body, such as the

stomach and the bladder, are almost entirely com-?

posed of membrane; and what perhaps must be

regarded as the most important of all the purposes

which it serves, this substance composes the principal

part of the tubes or vessels, with w^hich the animal

body is so plentifully furnished.

From this account of the extent and distribution

of membrane, we find that it must exceed in quan-

tity all the other solids of the body taken together,

and that it enters as a principal ingredient into

almost every part of the animal frame, the enamel of

the teeth being, as we are informed, the only solid in

which it cannot be detected.^ This is indeed so com-

8 Blumenbach's Physiol. § 22. See Hatchett, Phil. Trans,

for 1799, J). 328.



24 Membrane the Basis of the Bodi/.

pletely the case, that were it possible to remove the

earth of the bones, the inuscular fibre, the nervous

matter, and the fat from the soft parts, to empty the

vessels, and to carry off the fluids generally, the size

and figure of the body would remain nearly un-

changed. Membrane may therefore be considered as

the connecting medium between the different parts

of the body by which they are held together, the

basis to which they are all attached, ami the mould

in which the particles of the other kinds of matter

are deposited.^

It will appear from these observations upon the

extent of membrane, that I employ the term in

rather a more comprehensive sense than ordinary

;

and that I include under it, not only what have been

usually called membranes, but tlie whole of the sub-

stance which possesses the same mechanical structure

and the same chemical properties. What I have styled

membranous matter nearly coincides with the white

parts of tlie older anatomists, the cellular texture of

Haller, the tissu muqueux of Bordeu,^ and the tela

mucosa of Blumenbach :
^ the first of these terms

was, however, used in a vague manner, without any

very distinct appropriation ; and Haller's, Bordeu's,

and Blumenbach's appear objectionable, as they are

derived from hypothetical opinions respecting the

nature of this substance, which are probably not

altogether correct.

9 Cuvier, Tab. El. p. 25.

» Recherches sur le Tissu Muqueux. « Physiol. § 21.
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The mechanical structure of membrane, as it exists

in the difFerent parts of the body, has been minutely

examined by various anatomists, and was particularly

attended to by Haller. He described it as composed

of a vast assemblage of lines or fibres, in their state

of ultimate division too small to be perceived by the

eye, but which, by the union of a sufficient number

of them, are formed either into larger visible fibres,

or into plates, according to the structure of the parts

in which they are situated. He was at much pains

to detect this fibrous structure in all the organs of

the body, and to show that the membranes, however

differing in their apparent texture, or whatever de-

gree of firmness they possessed, were all resolvable

into the same substance. This he calls cellular web

;

and although his idea of its structure may not be

entirely correct, yet he made considerable advances

upon the knowledge of his predecessors.^

All the solid parts of the body, he supposes, by

mechanical division or by maceration in water, may
be made to assume the fibrous appearance. In its

most simple state the fibre is to be regarded as a

straight line, and by the approximation of these

lines, in difFerent directions with respect to each

other, all the various forms are produced that enter

into the composition of the animal body. He further

conceives, that the greatest part of the solids, in their

primary state of aggregation, compose plates with

interstices between them, and that the most compact

3 El. Physiol, lib. 1. § 2.
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membranous body consists of this texture in a con-

densed state. Whether the tendons and ligaments

ever actually possessed the mechanical structure of

this cellular texture may be reasonably doubted ; but

it appears that, by proper methods, a structure some-

what resembling it may be exhibited in parts that

are naturally of the densest consistence.

The uninterrupted continuity of the membranous

matter, all over the body, was one of the discoveries

of Haller. He employed much accurate dissection,

and instituted many experiments, to prove this point

;

but it is now so generally admitted, as to render it

unnecessary to adduce any arguments in its favour,

xt follows indeed as the direct consequence of the

view which we have taken of membrane, regarding

it as the basis of the whole body, into which all the

other parts are moulded, by which they are at the

same time enclosed, and which serves the purpose of

connecting them together into one whole.*

The idea which was entertained by Boerhaave

respecting the structure of membrane, is in itself so

improbable, and seems so contrary to the evidence of

the senses, that it is surprising it should have been

so generally received ; ^ and may serve as one among

other proofs of the unlimited confidence which was

formerly placed in all his opinions. He supposed

that the simple fibres, or the smallest into which it

is possible to conceive them to be divided, by their

4 El. Physiol, lib. i. § 1, 2 j and Prim. Lin. c. 1. § 1.
.
13.

5 See Haller's Phys. lib. i. 3, tor a long list of authors who

adopted it.
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union, compose a membrane of the first order or

series, which, when coiled up, will form a vessel of

the first order or series. These vessels, by being

placed in contiguity or being interwoven together,

form a membrane of the second order or series,

which is again coiled up into a vessel of the second

order ; a third series of membranes and vessels is

then formed, and others in succession, until they

acquire a sufficient magnitude to be visible to the

naked eye. According to this hypothesis it foUowSj

that, except the earth of the bones, no part of the

body is properly solid but the coats of vessels ; and

that, all the fibres which are cognizable by the

senses, are only a congeries of vessels arranged in

these ascending orders.^ It is scarcely necessary to

observe, that this hypothesis is entirely gratuitous,

that there is no foundation for these regular grada-

tions of vessels and membranes, and that the actual

degree of vascularity of the different parts is infi-

nitely varied. Both from the effect of injections

and from microscopical observations, we may con-

clude not only that membrane generally is much less

vascular than the muscular parts, but that different

membranes differ very much in this respect from each

^ Although this may appear to be the fair deduction from the

expressions that are employed by Boerhaave, it must be acknow-
ledged that we do not find the doctrine laid down by him so ex-

plicitly as might be expected, from the statement of Haller, or

even of Van Sweiten. See the references to Boerhaave, given by
Haller; Van Sweiten's Com. on Aph. 39; also Gorter, Med.
Compeud. $ 1 . . 5, and fig. 1, 5, 14, . 21.
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other; and it even appears, that there are large

portions of membrane which are without vessels of

any description.

For the refutation of the hypothesis of Boerhaave,

we are indebted to Albinus/ and still more to

Haller; but in accomplishing this object, Haller

probably went too far into the opposite extreme ; for

he is disposed to regard some of the ultimate parts of

which the solids are composed, as unorganized.®

This opinion he seems to have adopted, partly from

an idea that a vascular structure is essential to

organization, and partly, because, in the division of

the larger fibres into those that are more minute, we

must at length arrive at a fibre which is too small to

admit of any further subdivision. But this latter

objection is rather metaphysical than physiological,

and refers more to the fineness of our instruments,

than to the actual state of the parts^ while the

former is an assumption without proof, and will pro-

bably be found to be incorrect.

The idea that vascularity is essential to organiza-

tion, or rather, that in descending from larger to

smaller parts, organization and vascularity must

cease at the same time, has been generally enter-

tained by the most eminent modern physiologists.

It seems to have originated, in a great measure, from

the skilful injections of Ruysch,^ who proved by his

preparations, that many of the white parts of the

' Acad. Annot. lib. iii. c. 1. « Prim. Lin. c. 1. § 16.

9 See Albinus ubi supra.
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body, as they were termed, which were thought by

the ancients to be entirely without blood, possessed

numerous vessels demonstrable to the eye. Wm.
Hunter, in his strictures upon the doctrine of Haller,

adopts this opinion ; he always speaks of organiza-

tion as synonymous with vascularity, and takes it for

granted, in reference to the minute structure of the

body, that where there is no circulation there is no

life.-' An error of a similar kind formerly prevailed

respecting the distribution of the nerves ; for as sen-

sation was admitted to be an appropriate quality of

the living body, it was assumed that no living part

could be without sensation ; and of course, that the

smallest parts into which an organized body could be

conceived to be divisible, were nervous filaments.^

But there is reason to believe, that both these no-

tions are incorrect ; and although our views must be,

to a certain extent, hypothetical, when we venture

to describe the structure of parts that are too small

to be visible, yet we may at least form a plausible

conjecture upon the subject.

We may agree with Haller in conceiving, that

there is an actual solid fibre, the basis of the whole
animal frame, to which the vessels are superadded
as distinct appendages, but we cannot admit the

existence of the inorganic concrete, which he describes

as filling up the spaces between the fibres.^ The

» Med. Obs. and Inq. v. ii. p. 27.

» Boerhaave, Inst. § 301 ; Pralcct. § 440 ; see also BeU's Anat.
V. i, p. 404.

3 Prim. Lin, c. 1. passim.
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fibre itself, although not essentially vascular, we

must suppose to be a regularly organized body,

composed of particles bearing a certain relation to

each other, and possessed of certain specific proper-

ties. By the conjunction of these fibres, membranes of

all forms are produced, and among others the vessels

;

but the coats of these vessels are composed of fibres

that are themselves without an internal cavity, and

have no kind of circulation through their substance.

With respect to the question, how these ultimate

fibres, which are without vascularity, can be said to

possess life, I conceive it to be a dispute about words.

If a certain assemblage of parts, when taken as a

whole, exhibits vital functions, we may say that every

individual portion of it is alive, although the imagina-

tion may form a conception of its ultimate parts, as

not being possessed of any characteristic of life.

In the present state of our knowledge, it is perhaps

impossible to make any estimate of the size of the ulti-

mate fibres of membrane. The current opinion among

the physiologists of the last century was in favour of

its being almost inconceivably minute; an opinion

which was partly founded upon the microscopical ob-

servations of Leeuwenhoek and others, and partly upon

the hypothetical train of reasoning of which I have

already given an account. Haller speaks of it as a

geometrical line, or as possessing length without any

sensible thickness ; and to give an idea of its minute-

ness, he observes, that there are animals so small,

that the most powerful glasses are barely sufficient

to render them visible to the eye, yet these animals
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contain a complicated set of organs, each of which

possesses a fibrous structure.* It may, however, be

reasonably doubted, whether the ultimate fibre be of

the same size in aU animals ; and, upon the whole, it

is rather probable that in the human subject it pos-

sesses a magnitude, which is more within the limits

of our comprehension.

We are indebted to Fontana for a number of mi-

croscopical observations on membrane ; and although

it is necessary to receive such observations with great

caution, in consequence of the numerous errors and

deceptions to which they are liable,^ yet his remarks

are so candid, and what he describes is so credible,

that I am disposed to place some confidence in them.

By using glasses of moderate powers, he found that a

compact tendon was composed of a number of flat-

tened plates, which he calls the primitive fasciae, and

which are connected together by cellular substance

of a more lax texture. By maceration, or mechanical

division, these fasciae were found to be made up of

cylinders, in the form of solid threads of a spiral or

4 El. Phys. lib. i.§l.

.

s If ia this, or in other parts of the following work, I may ap-

pear to speak in a disparaging manner of the labours of those who
have devoted their time to microscopical investigations into the

minute structure of the components of the body, I beg to observe,

that it is done in no degree upon individual, but entirely upon ge-

neral, considerations. An historical detail of the errors into which
this instrument has led even those who have been the most skilful

in its application, would have the effect of inducing us to place but
little confidence in hypotheses and speculations that are derived from
objects which can only be detected by the use of high magnifiers.
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waved form :^ these, we are expressly told, are neither

hollow nor vascular
; homogenous in their consistence,

and of the same size in all the parts of the same

animal. These primitive cylinders or tendinous

threads are about the -nr-e-s-o of an inch in diameter

;

they form a large portion of the substance of the

whole body, and, according to the opinion which was

prevalent when Fontana wrote, to which we have

already alluded, he calls them non-organic.^ These

observations, as far as they can be depended upon,

entirely oppose the vascular hypothesis of the Boer-

haavian school, and present a much more rational

and intelligible idea of the construction of the ulti-

mate parts of the animal fabric*

§ 2. Properties of Memhrane,

The properties which more especially belong to

membrane, are cohesion, flexibility, extensibility, and

elasticity. It will be unnecessary to enlarge upon

the importance of these properties in a system like

that of the living body, in which great strength is

necessary, together with lightness and a capacity for

• 6 The observations of Monro would, however, lead us to sup-

pose that this spiral or waved appearance is an optical deception

;

Obs. on the Nervous System, c, xxii. pi. 35, et seq. ^

7 Sur les Poisons, t. ii. p. 222, et seq. ; pi. 6, fig. 1, 2," 3, 4, 5;

pi. 7, fig. 1, 2.

* For an account of the recent microscopical observations of

Dr. M. Edwards and M. Dutrochet, on the elementary structure

of the principal textures of the body, and among others of the

various kinds of membrane, see the App. to Chap. i. v. iii. p. 345,

et seq.
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free motion, and where the parts are perpetually

varying in their bulk and relative position.

Of these properties, elasticity may, in some degree,

be regarded as the specific quality of membranous

matter ; as it appears to be the only one of the consti-

tuents of the animal body which possesses it. The

muscular fibre is flexible, and is capable of being ex-

tended, but it does not appear that it is properly

elastic. As we advance in our subject, we shall be

more>9ble to estimate the advantages to be derived

from this property : at present 1 shall briefly notice,

that it is an essential agent in the action both of

the arteries and of the thorax, so that it is of prime

importance in the functions of circulation and of re-

spiration. In some instances it co-operates with the

muscles in the motion of the joints, and it is fre-

quently employed to restore the situation of a part

that has been previously moved by muscular contrac-

tion from its natural position.

Besides the above properties, which are universally

admitted to belong to membranous matter, but which

it possesses in common with other natural bodies,

some physiologists have ascribed to it qualities of a

more specific or appropriate nature. Many of the

modern French writers, as Bichat® and Richerand,^

have supposed that the different forms of membrane
have a degree of spontaneous contractility and sen-

sibility connected with, or inherent in them ; but this

opinion seems to be derived from the idea that con-

• Traite des Memb. p. 54 ; Anat. Gen. t. i. p. 116".

9 Elem. de Physiol, t. i. p. 48.

VOL. I. D
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tractility and sensibility are necessarily attached to

every part of a living body, and to membrane among

the rest. As far as the opinion depends npon any

general principle concerning the nature of a living

body, I shall think it 'sufficient to refer to the obser-

vations which were made above, respecting the con-

nexion between life and vascularity. And as to the

facts which have been adduced to prove this point, I

conceive them to be altogether inconclusive. The

alleged instances, where pure membrane is supposed

to exhibit marks of contractility, are either of a very

dubious kind, and so obscure as to afford no sufficient

ground for any theoretical deduction, or, when they

are more obvious and decisive, they appear to be

easily referable to the effects of elasticity. Of this

kind are the shrinking of a cavity that has been pre-

ternaturally distended, the retraction of a tense mem-

brane when suddenly cut across, and the collapse of

tubes or sacs of various kinds, upon the removal of

some extraneous force that had stretched them be-

yond their ordinary size ; but in all these cases

we see nothing more than the operation of the

elastic power of the membranes, modified by their

situation, or by the nature of the parts connected

with them.

Professor Blumenbach ascribes to membrane a spe-

cific power, which he calls contractility, or vis cellu-

losa ; but he employs the term contractility in a pe-

culiar sense, and expressly distinguishes it from the

moving power of the muscular fibre.^ The con-

1 lustit. Pliysiol. § 40^ 59.
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tractility of Blumeiibach consists in the contraction

which membrane is occasionally observed to exercise,

when it has been over-distended, and the stretching

force is withdrawn; and, like the cases mentioned

above, may be referred to elasticity. The principal

example of it which he adduces is the action of the

cellular substance in propelling the serous exhalation

into the lymphatic vessels, an operation which is

very obscure, and with the nature of which we are tqo

little acquainted for us to make it the basis of an

hypothesis.

Under the title of tone or tonic power, the

Stahlians formerly described a peculiar property as

belonging to membrane ; and this term has been lately

employed in the same way by Borden^ and Bichat.^

Bordeu describes the tonic power as that property of

the cellular, or, as he styles it, the mucous texture, by

which each of the separate cavities or cells of which

it is composed acts upon all those around it, and

keeps them in a state of equilibrium or of uniform

distention. Bichat expressly states, that what he

terms the tonic power of membranes exists in all the

three species into which he divides these bodies : the

mucous, the serous, and the fibrous : the instances,

however, which he adduces of its effects are not very

explicit. This, as well as the tone of Bordeu, appears

to be very similar to the vis cellulosa of Blumenbach

;

and it seems probable, that as far as they depend

» Recherchcs sur le Tissu Muqueux, § 70.

3 Traiiedes Membranes, p. 62, 101, 133.
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upon any one power, they may all be referred to the

action of elasticity.

With respect to the sensibility of membrane, con-

sidered as a matter of fact, independent of any spe-

culation concerning the nature of organization or

vitality, the opinions of physiologists have been va-

rious ; and it was especially the subject of a warm

controversy, • about the middle of the last century,

between Haller and Whytt/ As is often the case in

points of this nature, the question has been decided

by a kind of compromise ; it is generally admitted

with Haller, that simple membrane is insensible in

its healthy and natural state, but that it is liable to

inflammation, and that it then becomes sometimes

exquisitely painful.^ The cause of this fact, the

excessive degree of pain, which is excited by disease

in parts that are, at other times, without sensation,

is perhaps not altogether understood. We may

remark concerning it, that one effect of inflammation

is to enlarge the bulk of the inflamed part, and the

pain is generally in proportion to the difficulty with

4 Haller, Mem. sur la Nature Sens, et In-it. des Part, and

Op. Min. t. 1 ; Whytt's Essay on Sensibility and Initability,

and Appendix,

We are informed by Wilson, Lectures on the Bones, p. 44,

that the doctrine of the insensibility of the periosteum and

various other membranous bodies, while in their healthy state,

was taught by Wm. Hunter in his lectures, as early as the year

1746, which was previous to the publications of Haller on this

subject.

i Bichat, Anat. Gen. t. i. p. 119; Blumenbach, Physiol. \ $10.
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which the part admits of this extension. A high

degree of inflammation may exist in loose cellular

texture, and we may be scarcely sensible of its exist-

ence, while the inflammation of the periosteum of

the smallest bone, as of a tooth, of the sclerotic coat

of the eye, or of the tense membrane about the

finger nail, will be almost intolerable. In these

cases we shall probably always find, that even if the

inflamed part be without nervous filaments, which

give it sensibility, still that there are some branches

of nerves immediately contiguous to it, which in

consequence of the firmness of all the neighbouj'ing

parts, are pressed upon and irritated, while the

blood-vessels connected with them are in a state of

plethora ; for it seems to be a general law of the

animal oeconomy, that no cause is more powerful in

producing pain than a certain degree of pressure

upon a nerve, while its sensibility is augmented by

an unusual determination of blood.

It is probable that much error and confusion took

place on the subject of the sensibility of membrane,

among the anatomists and physiologists, after the

revival of letters, in consequence of their blind

veneration for the ancients. Hippocrates, who had
but an imperfect knowledge of the existence and
use of nerves, confounded them, or at least placed

them in the same class, with the tendons, from some
similarity^! their visible structure and appearance,

and having observed very serious effects to ensue

from injuries of the proper nerves, he laid it down
as a maxim, that tendons and other membranpus
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parts are among the most sensible organs of the

body.« This erroneous opinion materially influenced,

not only physiological speculations, but medical and

surgical practice, even as late as the middle of the

last century, long after the distinction between

aerves and tendons was thoroughly understood.

Eveii Boerhaave fully subscribed to this doctrine, in

which he is warmly seconded by his learned, but

obsequious commentator. Van Sweiten;^ and the

influence of the old hypothesis upon our language

may still be observed in the present da^^

John Bell, in his usual animated and impressive

manner, describes the dreadful effects which this

opinion, concerning the great sensibility of mem-

brane, formerly produced in the operation of litho-

tomy.^ As the bladder principally consists of

membrane, it was agreed by all the learned operators,

for a succession of ages, that it woiild be improper

to cut or divide any part of it ; and, therefore, in

order to extract the calculus, a variety of instru-

ments were employed for the purpose, as it was said,

of dilatation, but which, in fact, caused the most

• FcEsii, QEcon. Hipp. "Nft^p^." See also Plin)'-, Hist. Nat.

lib. vii. c. 20 ; Le Clerc, Hist, de la Medecine, liv. iii. c. 3. § 5 ;

and Haller, Mem. sur les Part, Sens et Irrit. t. i. p. Ip; and

Opera Minora, t. i. p. 411.

7 Aplioiismus l64, et comment, in eund.

8 Stuart argues with much ingenuity to prove, that tendons

and nerves are the continuation of the same substance, differing

merely in the mechanical arrangement or disposition of their

parts ; Diss, de Struct, et Mot. Mus. C. vii.

9 Surgery, v. ii. sect. iii.
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cruel laceration of the organ itself and of the neigh--

bouring parts. It is truly astonishing to observe

how the weight of authority bore down the clearest

dictates of reason, and the most decisive results of

experience ; and how the most obvious facts were

warped and misconstrued, before mankind would

submit to prefer the evidence of their own senses to

the mere hypothetical opinions of the ancients.

Fi-om these remarks it will appear, that except

bone, membrane may be regarded as the most sim-

ple in its properties of all the organized parts of

the body. By this expression, I must be understood

to mean, that the properties which belong to it are

likewise found in many other natural objects. Cohe-

sion necessarily belongs to all solids, while flexibility,

extensibility, and elasticity are possessed by many,

vegetable and some mineral substances, and also by

dead animal matter ; whereas spontaneous contrac-

tility and sensibility are the exclusive properties of

the living body. We are, however, as much unac-

quainted with the intimate nature and immediate,

cause of the properties of membrane as of contrac-

tility and sensibility, only we are much more familiar

with these operations.

As I have several times made use of the term

organization, and shall frequently have occasion to

employ it in the subsequent parts of this work, it

may be desirable to give a clear explanation of it.

In its most extensive acceptation it may be regarded

as nearly synonymous with the word arrangement,

signifying that the parts of the organized body are
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placed according to some specific structure visible to

the eye. Thus the serum of the blood, when
coagulated and dried, in its chemical and mechanical

properties, almost entirely agrees with membranous

matter, yet in its texture it is obviously diflPerent.

We say that the serum is not organized, because its

texture is perfectly homogeneous, it is cut or broken

with equal facility in every direction
;
whereas, in a

tendon, which is organized, there is a regular distri-

bution of the particles in a specific form, and accord-

ing to a determined arrangement. The tenn is not

so generally applied to mineral substances, yet in

reality crystallization seems to be analogous to this

kind of physical organization. It is doubtful

whether the term can with propriety be applied to

any fluid ; and if, for reasons which will hereafter

appear, it should be applied to the fibrin of the

blood, still the greater part of the animal fluids can

have no title to it. It is a question which we cannot

perhaps very easily determine, whether any of the

solids are not organized. I have already considered

this point with respect to the ultimate fibres of

membrane, but it may still be supposed to be the

case with some other of the components of the body

;

for example, with the earth of the bones, which has

been conceived to be merely deposited in cells of

membranous matter, upon which its form entirely

depends. This point we shall examine more fully

when I come to treat upon bone ; and as we advance in

the subject, we shall more accurately learn what sub-

stances are organized, and what are to be considered
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as composed of unarranged particles, or rather, if there

be any which fall under this description.

But besides this kind of physical organization, the^

word is employed by physiologists in a more restrict-

ed, but at the same time in a more correct sense,,

when it is applied to a system, composed of a number

of individual parts, possessing each of them appro-

priate powers and functions, but all conducive to the

existence and preservation of the whole. An animal

body is thus said to be organized, or to consist of a

number of organs or instruments. A vegetable, in

like manner, is an organized body, consisting of se-

parate parts, as the roots, the sap vessels, and the

leaves, each of them constituting a distinct organ or

instrument for performing some appropriate action,,

yet ;all composing one connected system. It is this:

species of physiological organization which properly

distinguishes animate from inanimate matter ; and'

where we are able to ascertain its existence, it may-

be regarded as a sufficient characteristic of the pre-

sence of life.

From these observations, it will appear that mem-
brane has a perfect organization, although one whieli'

is more simple than that of some other parts of the

body, as be '-ng possessed of fewer powers, and made
up of fewer component parts. Some writers, espe-

cially of the French school, seem to regard organiza-

tion as necessarily connected with contractility and

sensibility ; and to consider those parts which are

neither contractile nor sensitive, as inorganic. 1 have

already referred tQ the opinion of Fontana on this
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point, and a similar kind of doctrine is maintained

by Dumas ; lie speaks of the cellular substance as

being slightly organized, and even calls it a kind of

inorganic sponge ;
^ and a similar doctrine seems al-

most necessarily to follow from the view which Bor-

deu takes of the subject.

.
The opinion of the learned naturalist Cuvier re-

specting the nature of organization, is, on the con-

trary, somewhat more restricted than the one which

I have adopted. He conceives it to be essential to

an organized body that it be composed of both

solids and fluids, the latter being the media through

which its functions are performed, and the former

being necessary to cantain the fluids.^ This view of

the subject is probably correct, so far as respects any

organized being of which we are able to ascertain the

independent existence ; but when we attempt to con-

ceive of the ultimate parts of which it consists, we

must at length arrive at a solid fibre, which contains

no fluids, and which is, however, composed of regularly

arranged particles.

With respect to the essential distinction between

organized and unorganized bodies, this author points

out the following circumstances : their structure, the

mode in which they are originally produced, that in

which they are supported, and that by which they are

finally destroyed. With respect to structure, I have

already remarked, that it is essential to an organized

» Principes de Physiol, t. ii. p. 5,

* Regnc Animal, t. i. p. 14^ 15-
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body to be composed of separate parts, which are he-

.

terogeneous and dissimilar to each other, yet which all

combine together to form one whole ; whereas the parts

of a simple unorganized body are homogeneous, so that

into whatever number of portions it is divided, still

each portion may retain every property of the whole

mass, and constitute a perfect existence. Its indivi-

dual parts have no relation to each other except those

ofcohesion and physical attraction; whereas the compo-

nents of an organized body possess numerous relations

of a more comphcated nature, each having its appro-

priate and specific powers, which enable them to form

a whole, to the perfection of which every individual

part is necessary. As to the production, support, and

destruction of organized bodies, and the way in which

they differ from the same operations in those that are

without organization, v/e shall be able to enter with

more advantage upon these topics, when we have

made ourselves acquainted with the functions to which

they are respectively subservient.

Having now considered the structure and physical

properties of membrane, I must proceed to give an

account of its chemical composition and the effect of

chemical re-agents upon it. So very imperfect was

the knowledge of animal chemistry, even as late as

the time of Haller and CuUen, that they supposed

all the soft parts to consist of the same substance,

differing only in its mechanical arrangement. Haller

had an opinion, that membrane, being the least com-

plicated part of the body, consisted principally of the

simple fibres, which served as a kind of bajsis to the
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whole system, and that the fibre itself was composed

of earthy particles cemented by gluten.^ The dis-

coveries of the pneumatic chemists, and especially 'of

the French, who have assiduously cultivated this de-

partment of science, proved that Haller's opinion is

fallacious, and that earth is not an essential consti-

tuent of membrane. His hypothesis of the connecting

gluten is equally gratuitous, and is quite contrary to

the more correct notions of modern chemistry. The

particles of membrane, as well as those which compose

any other solid, are held together by their attraction

for each other, not by any connecting medium. It

appears indeed that membrane acts mechanically in

imiting the different parts of the body, and in main-

taining the proper form of those substances, which

are of so delicate a consistence, as not to be able to

preserve themselves in a compact state, for want of a

greater degree of cohesion between their particles.

The soft pulp of the nerves, for example, and the

adipose matter, seem to be retained in their present

form, merely by the membrane in which they are im-

bedded ; but this is quite independent of the consist-

ence or structure of the membrane itself.

Although Culien had no direct share in the great

revolution in the doctrines of chemistry which com-

menced about sixty years ago, yet his notions on this,

as on most other topics to which he paid any atten-

tion, were much more correct than those of his pre-

decessors. He pointed out the mistake of Haller re-

3 El. Phys. lib. i. sect. 1,
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specting the basis of the body being formed of solid

particles united by a cementing material, and main-

tained, on the contrary, that the simple fibre is an

homogeneous compound
;
but, with the exception of

the bones, he conceives this compound, which he calls

the animal mixt, to be of the same nature in all the

different parts of the body.* So little indeed was he

acquainted with the constitution of animal matter,

that he expressly says, we know nothing of it, except

that it consists of some concreting substance united

to water, and that the differences which it exhibits in

various parts of the body are merely owing to the

proportion which the connecting matter bears to the

water. When we recollect that Cullen formed his

opinions on physiology before we were made ac-

quainted witli the gaseous bodies which enter into the

composition of animal matter, and that the only me-
thod then employed for its analysis was simple com-

bustion or destructive distillation, we ought not to

be surprised at the incorrect opinions which he enter-

tained upon the subject.

The experiments of Hales, who obtained large

quantities of fixed air, as it was then termed, from
urinary calculi, and afterwards those of Priestley, who
procured azote from the muscular fibre, by means of
the nitric acid, may be considered as among the ear-

liest which threw any light upon the real nature of
animal substances ; but for the first regular analysis

of them, and, especially, for the first attempt to dis-

< Inst, of Med. § 10, 13.
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tinguish their different species, and to show the nature

and proportion, both of their primary compounds and

of their ultimate elements, we are principally indebted

to the French. Fourcroy early devoted himself to

the department of animal chemistry, and enriched it

with many important discoveries ; but his opinions

are not to be regarded as, in all instances, entirely

correct. This is the case with respect to membrane.

Finding that a large, and as it seemed, an indefinite

quantity of jelly could be extracted by boiling from

many membranous bodies, he was disposed to regard

membrane as essentially composed of jelly, or, at least,

as differing from it rather in its physical, than in its

chemical properties. Speaking of the different tex-

tures, the cellular, tendinous, ligamentous, &c., which

he classes together, under the head of membranous or

white parts, as possessing the same chemical constitu-

tion, he informs us that they dissolve entirely in boil-

ing water, and form with it, while it remains hot, a

viscous fluid, which, when cold, concretes into a trans-

parent and tremulous jelly.^ This statement is er-

roneous in two respects ; in the first place, there is

probably no single article of these enumerated by

Fourcroy which is completely soluble in water when

boiling under the ordinary atmospheric pressure ; and

secondly, although jelly, in a greater or less propor-

tion, may probably be procured from all of them, yet

they differ very much in the quantity which they

s System of Chcm. Knowledge, by Nicholson, vol. ix. p. 519,

et nlibi.
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contain ; and there are some in which it forms only a

small proportion of their solid contents.

We are indebted to Mr. Hatchett for a much more

correct view of the subject ; from his experiments

we learn, that what may be considered as the basis

of membranous matter is a substance, which, in its

chemical properties, is identical with the albumen of

the egg, when in a state of coagulation.^ Albumen

naturally exists in the form of an adhesive fluid,

miscible in water, but when subjected to a tempera-

ture of about 165°, it experiences a remarkable

change in its physical properties. By the operation

of heat it is converted into a solid, which is no longer

capable of being dissolved in water ; and if after co-

agulation it be gradually exposed to a higher tem-

peraturCj it is reduced to a firm semi-transparent

body, very similar to some of the more compact

varieties of membrane.

But although albumen appears to be the essential

part of membrane, that which gives it its general form

and determines its peculiar texture, yet it probably

always contains jelly, and in some cases, even much
more copiously than the albumen itself. Jelly is very

soluble in water, especially when heated ; it is thus

separated from the albumen, and by the evaporation

of the water may be obtained in a state of purity.

One of the most striking characteristics of jelly is the

property which it exclusively possesses, when united

to a quantity of water, of being dissolved by heat,

^ Phil. Trans, for ISOO, p. 399, et alibi.
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and again becoming concreted by cold, without, as it

appears, undergoing any change in its chemical con-

stitution.

Another substance which appears to enter into the

constitution of membrane, or is at least frequently

found connected with it, is animal mucus. This is not

properly soluble in water, nor it does not possess the

property of gelatinization, and it differs from jelly in

many of its chemical relations. Animal mucus ap-

pears to be nearly related to albumen ; and indeed the

constituent upon which its characteristic properties

principally depend w'ould seem to be a mere modifi-

cation of this substance.

A considerable proportion of both the bulk and

weight of membrane, as well as of all the other soft

parts, consists of water, and it has been supposed by

many eminent physiologists that upon the. relative

quantity of the water and the solid matter depend

many of the morbid changes of the body, as well as the

natural varieties in the constitution and temperament

of different individuals. Boerhaave entered largely

into these speculations ;
they were refined upon, with

much ingenuity, by his pupil and successor Gaubius,'

and were, to a certain extent, adopted even by Cullen.®

Membrane, when no longer forming a part of the

vital system, is capable of having its properties much

affected by the quantity of water with which it, is

combined; and there are some facts connected with

pathology and the practice of medicine, which would

1 Instit. Pathol. ^ 150 . . 168. « Inst. § 13.
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lead us to conceive, that the elasticity, and perhaps

even the density, of some of the external parts of the

body may be influenced by being exposed to warmth

and moisture. But there is always great difficulty

in applying these mechanical explanations to the living

body ; and when we reflect how many mistakes have

occurred on the subject, we must feel the necessity of

proceeding with the greatest caution.

With respect to the ultimate chemical elements qf

which membrane is composed, we find that, like other

animal substances, it consists essentially of oxygen,

hydrogen, carbon, and azote. It has been observed

that membrane is less disposed to undergo the putre-

factive fermentation than any of the soft parts of the

animal body, from which circumstance, as well as

from the relation which it bears to jelly, it has been

supposed to contain a less proportion of azote than

the muscular fibre ; an opinion which appears to be

sanctioned by the analysis of Gay-Lussac and

Thenard.** The greater fixedness of membrane, or

its less disposition to become putrid, may be imme-

diately attributed to a stronger attraction between its

particles, or it may depend merely upon its containing

but a small portion of either blood or fat, substances

which have always a powerful tendency to decpmpo-

9 Children's Thenard, p. 357 ; Thenard, Traite de Cheinie, iv.

204.

The following are the results of Thenard's analysis

:

Carbon Oxygen Hydrogen Azote

Fibrin 53.Sd5 .... 19.865 .... 7-021 .... 1 9.934

Albumen 52.883 .... 23-872 7-540 .... 15.705

JeUy 47.881 27-207 ... . 7-914 ... . I6.988

VOL. I. E
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sitioii. The more dense varieties of membrane con-

tain less water than many other of the solids of the

body, and this may be one reason why they are less dis-

posed to putrefy ; as we invariably find that moisture

favours decomposition.

By the assistance of heat membranous matter is

soluble in the mineral acids; its combination with

the sulphuric and muriatic acids is not attended with

any peculiarly interesting phenomena, but the effects

which are produced by the nitric are more remarkable

;

the membrane is partly dissolved and partly decom-

posed, and several new compounds are produced, which

will be more fully described when I treat expressly

upon the analysis of animal substances. Membrane

is also soluble in the pure fixed alkalies, and a sapo-

naceous fluid is formed, which has been employed,

in some instances, instead of the coarser kinds of soap,

made in the usual process, by the combination of

alkali and oil. Membrane has a strong affinity for

the tanning principle ; by uniting with a portion of

tan, it is converted into a dense, flexible, elastic sub-

stance, little susceptible of putrefaction, which, under

certain modifications, forms the basis of leather.

The jelly, which enters so largely into the composi-

tion of some kinds of membrane, has also a strong

attraction for the tanning principle, and forms with

it a substance, which appears in its chemical proper-

ties to be very similar to that produced by tan and

the proper basis of membrane, the albumen. But it

necessarily differs in its mechanical consistence, as

the jelly, at least in the form in which it is usually
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employed, is dissolved in water, and of course without

any regular organization of its particles, or even any

adhesion between them. The mineral acids and the

pure alkalies, when assisted by heat, readily dissolve

jelly, but nothing very interesting or important re-

sults from their combination ; the compound of jelly

and alkali does not appear to possess that saponaceous

property which exists in the compound of albumen

and alkali.'

It appears from the analysis of MM. Gay-

Lussac and Thenard, referred to above, that jelly,

as well as albumen, contains less azote than the

muscular fibre ; and they also found that the propor^

tion of oxygen in jelly is considerably greater than

in either of the other two substances. It is probably

upon this circumstance, as well as upon its less com-

pact mechanical constitution, that the greater ten-

dency of jelly to pass into the acid state depends ;

and hence it is that jelly has been generally con-

sidered to be less completely animalized than the

other soft parts of the body ; for one of the characters

which distinguish animal from vegetable substances

is, that the former evolve an alkali, and the latter

an acid, during their spontaneous decomposition.

As, however, there are some animal bodies that be-

come acid, so there are some vegetables that become

alkaline, and are found to contain azote. These may
be considered as forming, on each side, the connecting

link between two of the great kingdoms of nature.

* Phil. Trans, for 1800, p. 379-

E 2
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An interesting experiment was performed by Mr.

Hatchett, which tends to illustrate the difference

between the chemical constitution of albumen and

jelly ; he found that if coagulated albumen be im-

mersed for some time in diluted nitric acid, at the

temperature of the atmosphere, it is gradually con-

verted into a substance resembling jelly.* We may
suppose that, in this case, the nitric acid parts with

a portion of its oxygen to the albumen, and con-

sequently, that jelly is to be regarded as differing

from albumen in containing a greater proportion of

oxygen ; an opinion which is supported by the

analyses of Gay-Lussac and Thenard.

The physiological relation which subsists between

jelly and albumen is no less deserving of our atten-

tion. It is ascertained, that if we examine the same

membranous parts at different ages, those of the

young animal will be found to contain a greater pro-

portion of jelly, and those of the older of albumen. It

is on this account that the parts of young animals^

such as the foot of the calf, are principally employed

in the preparation of jelly as an article of diet ; and

every one must be acquainted with the difference

between the soups formed from veal and from beef,

in the greater proportion of jelly contained in the

former. We thus perceive that the young animal,

not only in its physical and mental powers, but even

in its chemical constitution, is less completely pos-

sessed of the characteristics of the animal than when

* Phil. Trans, for 1800, p. 385.
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it has arrived at a more mature age. As we advance

in the subject, we shall find that the same observation

applies to other parts of the corporeal frame besides

the membranous matter.

§ 3. Account of the different Species of Membrane.

Having described the structure, properties, and

composition of membranous matter in general, I now

proceed to give a more particular account of some of

the different forms under which it exists. I shall

confine myself at present to those species of mem-

brane which are dispersed in various situations

through the body, and are connected with all the

different parts of it ; as it will be more convenient

to reserve for their appropriate places the account of

those bodies that contain some other ingredients su-

peradded to the membrane, which gives them their

distinguishing qualities, as the bones and the muscles,

and likewise those that, in consequence of their pecu-

liar organization, serve for the purpose of some specific

function, as the blood-vessels and the glands.

The first species of membranous matter that I

shall notice is the cellular texture, as it is the most

extensively diffused, and is that which has been con-

ceived to form the basis of all the rest, or to consti-

tute, as it were, the original structure, from which
the others have all been produced. Many of the

modem physiologists have paid attention to this sub-

stance, but Bergen would appear to be the first author
who cxpUcitly states the fact. of its general difFu-
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sion,'' while we are indebted to Haller for a number

of experiments and observations, which form the cor-

rect foundation of all that we now know respecting it.

According to this author, the cellular texture is

found in nearly every part of the body, being conti-

guous to each separate organ, frequently entering into

their substance, and connecting their different parts

with each other. It is, in short, the substance which

fills up the spaces that exist between every other part,

which preserves them all in their proper situation,

prevents them from unduly pressing upon each other,

or interfering with their motions or functions of any

kind. The description of it which was given by

Haller, and which has been generally admitted by

subsequent anatomists, is, that it consists of an irre-

gular assemblage of plates that cross each other in

various directions, forming a kind of net-work, and

leaving a series of irregular cells.^ Many circum-

stances prove that these cells communicate with each

other. Thus when air or fluid of any kind is intro-

duced into any part of this texture, it may be diffused

all over the body, without employing such a degree

of force as can be supposed sufficient to produce a

rupture of the membrane itself. It is this inflation

of the cellular texture by air that produces the disease

of emphysema, where, generally in consequence of an

accidental injury, a preternatural opening having

been formed betveeen the vesicles of the lungs and

3 De Membrana Cellulosa, in Haller. Disp. Anat. t. iii. p. 79>

et seq.; Bergen's Essay is dated 1732.

< JEl. Phys. lib. i. sect. 2.
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some part of the cellular substances contiguous to

them, a portion of the air which is received in inspira-

tion passes into this texture.^ In some of these cases

the whole body has been puffed up in the most ex-

traordinary degree, and the patient has actually been

destroyed by suffocation. The fluid of anasarca,

which is deposited in the same cells, although less

moveable and less penetrable than air, is also liable

to pass from one part of the body to another, in

obedience to the laws of gravity, from the trunk to

the extremities, and again from the extremities to

the trunk, according as the posture of the patient has

been erect or horizontal. And, to a certain degree,

this is likewise the case with collections of pus, al-

though, from well-known circumstances attending its

formation, the transmission of this substance along

the cells is less general and less extensive than in the

former instances.

A valuable addition to the knowledge which Haller

gave us respecting the cellular texture was made by

W. Hunter, who first clearly pointed out a difference

in the nature of the cavities that are contained in

this substance, both in respect to the communication

with each other and to the uses for which they are

destined.^ The adipose matter, which is dispersed

over most parts of the body, is contained in the cellu-

lar texture ; and Hunter's observations go to establish

the fact, that the fat is not lodged indiscriminately

5 This effect is distinctly noticed by Bergen, p. 85, as a decep-
tion practised by beggars and by butchers.

^ Med. Obs. et Inq. v. ii. p. 26, et seq.
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in all parts of it, but that it has peculiar cells destined

for its reception, which do not communicate with each

other, and which are distinct from those that contain

the air in emphysema or the water of anasarca.

These particular cells he calls, from their contents,

adipose, in opposition to the general ones, which he

calls reticulated. It is not pretended that any differ-

ence can be detected in the appearance or visible

structure of these two kinds of cells ; but the differ-

ence between them is conceived to be sufficiently

proved by their situation and their contents. The

parts of the body where the fat is principally accu-

mulated, are not the same with those which are the

most subject to anasarca ; and it is also observed, that

fat never passes from one cell to another in the way

that air and water do, but that each portion of fat

always remains stationary in the same cell in which

it was originally lodged. The opinion of Hunter,

although it can scarcely be said to be demonstrated

by any direct anatomical proof, is generally admitted

to be correct, as it coincides with all our pathological

and physiological observations, and is most consonant

to our notions of the nature of fat, and the relation

which it bears to other parts of the system.'

An account of the structure and properties of the

cellular texture was made the subject of a separate

publication by Bordeu, but his description does not

possess that degree of accuracy which can give much

.weight to his opinions. He entitles it the mucous

7 M. Beclard has offered some additional circumstances in fa-

vour of this opinion, P' 15*
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texture, from an hypothesis which he formed of its

origin. He speaks of it as consisting of fibres that

are enveloped in a stratum of mucus, so as to compose

a spongy texture, without any regular figures ; and it

may be inferred, that he regards it as almost without

organization.®

The latest writer who has described the mechani-

cal structure of the cellular substance is Bichat ; and

it is the more deserving of notice, as it professes to

be the result of careful observation, and differs, in

some respects, from that of his predecessors. He in-

forms us that if we accurately examine a portion of

the cellular texture, we shall perceive it to be com-

posed of extremely thin plates, with a number of fine

filaments crossing them ; that the eye is not able to

trace any thing further than these plates and fila-

ments ; that the plates do not exhibit any appearance

of a fibrous structure, or, in fact, of any specific organ-

ization, and that the filaments seem incapable of more

minute subdivision. It may be inferred from his

expression, that this is an account of what we are able

to detect by the naked eye. The filaments he sup-

poses to be exhalent and absorbent vessels ; but this

conclusion is deduced, not from any thing of a vas-

cular structure which was discoverable in them, but

simply from the circumstance, that there must be

an apparatus for exhalation and absorption, some-

where connected with these cells; and unless these

filaments perform this office, we are ignorant by what

' RcchcR-hcs sur Ic Tissu Miiqueux.
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means it is effected. Although the plates do not

posses any visible organization, yet the author argues

that they are organized, upon the general principle,

that every part must be so which is connected with

the living body.^

It is perhaps to be regretted, that such an ac-

curate observer as Bichat did not employ the mi-

croscope, before he had given so decided an opinion

upon the structure of these parts ; for if we are to

form any speculations upon the subjects of minute

anatomy, there can be no doubt that, by the cautious

use of this instrument, we may be enabled to discover

parts that cannot otherwise be detected. The ne-

cessity for an organ may be regarded as a proof of its

existence, but it is a species of reasoning which we

should employ with great reserve. It seems very

certain, that the cavities of the cellular texture, at

least those which Wm. Hunter calls reticular, always

contain more or less of an albuminous fluid, which is,

in some way, separated from the blood ; and it is

equally certain, that this fluid would accumulate in

them, were it not removed from time to time, by an

operation, which can be performed by no method

with which we are acquainted, except by the action

of the absorbents. We may then say, that the ca-

vities are provided with an exlialing and absorbing

apparatus, but beyond this we are not able to proceed.

Blood-vessels are seen passing through the cellular

texture in various directions, part of which we may

Anat. Gen. i. p. 10(>, et seq.
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presume are expended in support of the substance

itself; and there are also branches of nerves found in

it, but they appear rather to be crossing it, in order

to be distributed to some other parts, than to be

destined for the use of the texture itself.

With respect to the form of the cavities, we have

no accurate knowledge. All the writers who have

described them since Haller, speak of the cells as

having an irregular or indeterminate figure, and

generally compare them to those of a sponge. But

this illustration, although it is commonly referred to,

and is mentioned even by Cuvier,^ cannot be con-

sidered as very appropriate, except so far as regards

their free communication with each other. The ca-

vities of a sponge are of a tubular form, whereas it

may be presumed that those of the substance in

question are rather narrow spaces with acute angles,

the sides of which are flattened, and, when not forci-

bly expanded, we may suppose to be in contact.

Some physiologists have indeed gone so far as to

deny altogether the existence of any cellular arrange-

ment, and to assert that the appearance of cavities,

which is produced by injecting air or fluid into this

texture, depends not upon any cavities previously ex-

isting there, but upon the substance itself being so

soft, and at the same time so tenacious, as to admit
of having its parts distended and forced asunder, in

' Tab. Elem. p. 25. This learned naturalist, in the Diet.

Scien. Nat. article "Animal," t. ii. describes the cellular texture as
consisting of a number of small plates irregularly thrown together,
and forming small communicating cells.
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the same way as if we inject air or fluid into a mass of

softened glue.^ But, notwithstanding the respect-

ability of the authors who have advanced this opinion,

I think it is clearly contrary to the obvious conclusion

which would be drawn by an unbiassed observer of

the various states of this texture, which appear to me
totally different from what would take place upon the

supposition of its being a uniform mass, not to insist

upon the theoretical objection of any part of the body

consisting of unorganized matter.

I have anticipated the greatest part of what might

be said on the properties of the cellular texture in

my remarks on membrane generally. Notwithstand-

ing the opinion of many very eminent physiologists,

I am not disposed to admit of its possessing either con-

tractility or sensibility ; but it exhibits more marks

of vitality, or, rather, it is more intimately connected

with the functions of the system at large than some

other species of membranous matter. It is especially

liable to be the seat of inflammation, and in conse-

quence of the laxity of its texture, is frequently the

depository of large collections of pus. The theory of

inflammation is a subject that must occupy our atten-

tion in a subsequent part of the work ; at present it

may be remarked, that an essential and obvious fea-

: ture of this process consists in those vessels which

generally contain only a colourless fluid, becoming so

far enlarged as to admit of the red particles of the

blood, that this change occurs in the vessels of the

» See .Beplurd, p. 19,. . 23.
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cellular texture, and that probably the seat of it is in

the exhalents of the part. It is stated that the cel-

lular texture possesses the power of speedily renewing

itself, after it had been wounded ov destroyed ; and

that in the process of the healing of wounds, or re-

pairing injuries of any kind, it is this part which is

first formed, or which first recovers itself ; and it has

also been supposed that it is the cellular substance

which is first produced in the development of the

embryo ; but this opinion is derived from no very ac-

curate discrimination of the nature of the substance,

and is to be regarded as at least very problematical.

The chemical composition of the cellular texture,

like that of membrane in general, has been thought

to consist, in a great measure, of jelly. I have already

referred to Fourcroy's account of it, but it appears

that he had not a sufficiently correct idea of the na-

ture of jelly, or at least of the distinction between

jelly and the animal substances which the most

nearly resemble it. Bichat says that boiling water

first hardens and afterwards dissolves the cellular

texture ; but this statement is made in a loose man-

ner, and it may be doubted how far it was the result

of direct experiment.^ Nearly a similar account of

the chemical composition of the cellular texture is

given by Cuvier but, like that of Bichat, it is stated

incidentally, and is to be considered rather as a com-

monly received opinion, than as one explicitly adopted

by this learned naturalist.

3 Anat. Gen. t. i. p. 111. 4 Regne Anim. t. i. p. 26,
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The next species of membranous matter which I

shall notice are the bodies that are especially denomi-

nated membranes, to which the generic term was

originally applied. They consist of thin semi-trans-

parent sheets or plates, which generally form the coats

or coverings of some other parts, and which differ

from the cellular texture in the greater continuity of

their structure. Haller, in conformity with his ge-

neral doctrine on this subject, supposed that the

proper membranes, like all the other white parts, con-

sist merely of condensed cellular substance ; and he

was at much pains to prove this point, by examining

them after they had been macerated in water for a

long time, and were approaching to a state of decom-

position.' To a certain extent this idea is well

founded, but, as a matter of fact, independent of any

speculation on their origin or the mode of their forma-

tion, it does not appear that the whole substance of

membranes can be resolved into this texture; for

although there may be a considerable quantity of it

attached to, or connected with them, still there ap-

pears to be a solid basis, which is no longer capable

of further subdivision into more minute plates. The

proper membranes form the subject of a very elaborate

publication by Bichat, in which he has arranged them

into different classes, has minutely examined the

structure and functions of each, and pointed out their

connexion with the other parts of the system. Hie

work contains many interesting details, and deserves

s El. Phys. lib. i. sect. 3.
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to be carefully studied
;

yet I think that his distinc-

tions are sometimes too refined, and that his opinions

are occasionally rather ingenious than just. But

there is a real foundation for the division which he

makes of membranes into the three kinds of mucous,

serous, and fibrous ; of these I shall give some account

in succession.

The mucous membranes are named from the pecu-

liar semi-fluid substance with which their surface is

covered, proceeding from numerous small glands that

are imbedded in them. This kind of membrane al-

ways lines those cavities which are disposed in the

form of irregular passages, or canals, that open to the

atmosphere, and are connected with the skin at their

extremities. Of these, the principal are the mouth,

the nostrils, the oesophagus, and the intestines, com-

posing the great system of the digestive organs, and

those connected with the urinary organs, and the

uterine system. These membranes are attached to

the parts which they cover by a smooth and dense

surface, while their external surface is soft and pulpy,

and generally irregular from numerous projections of

various kinds, which differ according to the uses for

which the part is destined. According to Bichat they

are divisible into distinct layers f but this seems

scarcely compatible with the account which he gives

of their organization, and with the idea which is com-

monly entertained of their texture ; so that it is pro-

bable that the layers which have been supposed to be

Traite des Mem. art. li. § 3.
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detached from these membranes were merely portions

of condensed cellular substance, by which they were

connected to the subjacent parts. The mucous mem-

branes are the immediate seat of some important

functions ; in the mouth and nose, they constitute

the organs of taste and smell ; in the stomach, of diges»

tion ; and in the intestines, of the assimilation of the

food, and the separation of the nutritive from the

foecal part. On this account they differ from most

membranous bodies, in being plentifully suppliecj,

with blood-vessels and nerves, as well as in possess-

ing an extensive apparatus of glands and absorbents.

As I shall have occasion to enter more particularly

upon these points, when I treat upon the different

functions that are connected with the mucous raeijt-

branes, I shall at present only remark concerning th^,

that unlike most of the membranous bodies, they,.^

hibit in a high degree, the powers of vitahty, and are

intimately connected with all the general actions of

the system.

The second species of membranes, the serous, differ

materially from the mucous in their seat, their, tex-

ture, and their properties. They are always found

in close cavities that do not communicate with the

atmosphere, as those of the thorax and the abdomen^

they form coats for most of the individual organs

which are essential to the animal oeconomy, as the

heart, the lungs, and the different abdominal viscera,

and they frequently afford an external covering foF

those parts which are lined internally with a mu-

cous membrane. The serous membranes in their
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texture are dense, smooth and compact, comparatively

thin, but of considerable strength in proportion to

their bulk, and are not divisible into any regular

layers
;
they have their surface always moistened with

a fluid which exhales from them, as is supposed, in

the gaseous state. No glandular apparatus has been

detected in them, and on this account the fluid has

been ascribed rather to a kind of infiltration through

small pores, than to what can properly be called se-

cretion. Although in some states of disease the

exhaled fluid accumulates in cavities that are lined

with serous membranes, forming different species of

dropsies, in health it is always removed as fast as it

is generated, proving that the absorption exactly

keeps pace with the exhalation. We have, therefore,

a clear manifestation of the effect of these two pro-

cesses ; and yet we are not able to detect the apparatus

by which they are carried on, a circumstance which,

r conceive, is unfavourable to the opinion of Bi chat,

that the filaments of the cellular texture are a system

of exhalent and absorbent vessels. The specific use

of the serous membranes, as consisting of a smooth

surface, which is always lubricated by an albuminous

fluid, is to give a capacity for the free motion of the

parts which they enclose upon each other, at the

same time that they are prevented from adhering to-

gether, to which, from their frequently being in close

contact, they would be liable, without the interven-

tion of this fluid. The serous membranes have

scarcely any vessels of sufficient size to convey red

blood, and have very few, if any, nerves ; they are

VOL. I. F
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therefore without sensibility, and exhibit only in k

low degree the general powers of vitality. They
possess a considerable share of elasticity and expansi-

bility, but are not properly contractile, nor do they

manifest any properties except those which are com-

mon to every part of the body.

The third class of membranes, the fibrous, are

iiameid from their obvious texture, as consisting of a

visible assemblage of fibres, united into a continuous

extended surface. They differ from both the former

kinds in not being moistened by any fluid, but in

their generdl aspect they are more similar to the se-

roUs, being dense, thin, and smooth, although, accord-

iiig to their situation, and the uses which they serve,

they are more varied in their form and consistence.

Among the most important of the fibrous membranes

istinb the periosteum, which surrounds the bones; the

dura mater, which lines the skull ; the aponeuroses,

iHbse inetnbranous expansions which surround certain

inUscles and separate them from each other; the

capsules of the joints, and the" sheaths of the tendon^.

The structure of these bodies is distinctly and ob-

viously fibrous, and they seem to possess a texture

which is more dissimilar to the cellular than any

which we have yet examined. The fibres, so far as

we are able to separate them by maceration or by dis-

^ectibii, appear to be strdng dense cords, without blood-

i^essels, nerves, glands, or specific apparatus of any

kind, and of course they are possessed of no properties

but those which hehng to every part of the body.

Their use ih the animal oecondmy is principally me-
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chanical ; to enclose soft substances and jlreserve tlietii

in their proper form, to separate them fi'om each

other, and to keep them in their relative position.

The chemical composition of the proper mem-

branes is similar to that of the membranous matter

generally
;
they consist of a basis of albumen, united

to different portions of jelly and mucus. It is statedi

that in proportion to the density of their texture, is

the quantity of albuminous basis compared to that of

the other ingredients. The fibrous membranes con-

sequently contain little else but albumen, while the

m.ucous, at least some of the more delicate of theril,

are nearly soluble in water. The membranes contain

no earth, and only a very small quantity of any saline

matter ; in an experiment of Mr. Hatchett'sj 250 grs.

of bladder left a residuum of no more thah -02 gr.^

The chemical composition of these bodies, as is the

case with membranous substances generall)^ differs

according to the age of the subject from which they

are procured; in young animals they contain more

jelly, while, as age advances, the proportibn of albu-

men is increased.

Tendons and ligaments are bodies that nearly re-

semble the fibrous membranes in their minute texture

and their chemical composition. It was upon ten-

dons that Fontana's observations were made; arid

even with the naked eye we can easily observe their

structure, as consisting of longitudinal fibres, lying

parallel to each other, and closely united together.

7 Pliil. Trans, for 1799, p. 36'3.
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It is generally admitted that no nerves are sent to

them, that they possess very few if any blood-vessels,

and no organs have been detected in them for the

purpose either of secretion or absorption. Their prin-

cipal use is to connect the muscles with the bones, and

to serve as cords or ropes to transmit the action of the

muscles to a distant point, and in doing this, their

operation appears to be entirely mechanical. The

ligaments, in their texture, nearly resemble tendons

;

they are, like them, compact, strong, and flexible

bodies, but they are generally more dense in their

consistence, and their fibrous texture is generally less

distinctly marked. They have no nerves, but they

have a few blood-vessels distributed to them, and they

appear to possess somewhat more connexion with the

vital powers of the system. Their use is sufficiently

expressed by their name ; they are principally em-

ployed in connecting the bones with each other, par-

ticularly about the articulations. In their chemical

composition, tendons and ligaments nearly resemble

the more compact membranes ; their basis appears to

be coagulated albumen, united to different proportions

of jelly and mucus ; they contain no earth, and only

a minute quantity of saline matter.

Cartilages are bodies which, in many respects,

nearly resemble ligaments, although they differ from

them in some important particulars. It is not easy

, to perceive any fibrous texture in them ; on the con-

trary, their obvious appearance is that of an uniformly

dense, membranous matter, not extensible, but highly

elastic. Their use is to cover the ends of the bones,
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especially about tlic joints, where, for the purpose of

motion, a smooth and firm surface is required ; and in

many parts they supply the place of bone, where

strength is necessary, together with a degree of flex-

ibilit)'-, as about the thorax, the trachea, and oeso-

phagus. They are described by the most correct

anatomists as being without visible vessels or nerves.^

They appear to consist principally of albumen, with

little, if any jelly and mucus; it is said that a por-

tion of earthy matter is always found in them, which

Dr. Davy estimates at -^-^ of their weight,^ but Mr.

Hatchett does not consider it as essential to their

constitution.^ Cartilages appear to hold a kind of

intermediate place between membrane and bone, a

circumstance to which I shall have occasion to reciu:

when I come to treat upon this latter body.

I have stated that the fibrous membranes, the

tendons, and the cartilages, possess neither blood-ves-

sel^'nbr nerves ; that they are not furnished with any

organs that we can detect, for the purpose either of

secretion or absorption ; and that they do not exhibit

any of the appropriate powers of vitality, being neither

contractile nor sensitive ; it may then be asked, how
are they connected with the vital system, or in what
sense are we to regard them as possessing life ? The
question, I acknowledge, is one that cannot be easily

answered, and which may perhaps be thought to turu
I ji • .li.' ,111

.' if^-iHaller, El. Phys. xxix. 4. 27. Soemmering de Coi-p. Hirm.
Fab. t. i. § 27.

9 Monro's Outlines, v. i. p. 68.

' Phil. Trans, for 1799, p. 331,
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rather upon the dpfinition which we give of certain

words and expressions than upon any absolute facts

that we can adduce. I have ah-eady mentioned, that

some eminent physiologists conceive life to be always

necessarily connected with vascularity and with sen-

sibility ; and these writers do not hesitate to call the

dense membranes and the tendons dead or inanimate,

seeming to regard them as only mechanically attached

to the more vital parts.'^ But to this opinion it may
be objected, that there is no portion of the body,

which, as far as we can judge, has not a regularly

organized structure, and that tliis can only be pro-

duced by the operation of some vascular action,

probably analogous to secretion, by which the matter

that composes them may be deposited, particle by

particle, in its proper situation. We shall also learn,

as we advance in the subject, that every part of the

body is liable to decomposition, and is probably re-

moved in process of time, particle by particle, in a

manner precisely the reverse of that in which it was

formed, and that this process can only be effected by

the absorbent system. Although therefore we are not

able to detect either a secretory or an absorbent ap-

paratus in these parts, yet we have sufficient proof

qf their existence, and they must be considered as

constituting the medium through which their vitality

is preserved, and which connects them with the other

parts of the living system.

Some writers, especially of the French and German

» Carlisle, in PhU. Trans. Cor 1805, p. 12, 8ic.
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scliools, have indeed attempted to explain how this

addition and subtraction of matter may be produced

without the intervention of vascular action, and have

not hesitated to compare it to the effect of mere at-

traction, similar to what occurs in the formation of

crystals. Linnaeus, who was too fond of fanciful

analogies between things that had little real resem-

blance, has, in some degree, contributed to this opini-

on by his well-known aphorism, which he employed

to distinguish between the three kingdoms of nature.

He says that minerals grow, vegetables grow and

live, animals grow, live, and move.^ But between

the growth of minerals and that of animals there is

this essential difference, that crystallization consists

merely in the apposition of particle to particle, by

which the substance has its bulk increased, but with-

out those parts that are already formed having their

arrangement, in any way, altered or changed. The
consequence of which is, that if a crystal be broken

into a number of parts, each part forms as perfect a

crystal as the larger one ; and, on the contrary, if a

small crystal be placed in a saline solution, where it

may receive additional matter, the small crystal will

differ from the larger one simply in its bulk. But

this is not the case with a membrane or a tendon. If

we compare the corresponding parts in a young

animal and in one that is fully grown, we shall find

that the latter is not merely increased in size, or has

received an addition of new matter at its external

» Philos. Botan. Introd. p. L
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surface, but that every mdividual payjt ,9f jl);^ is
,

,of a

diflPerent size, and^ is. differently connected with the

adjoining parts from what it was originally; so that it

is demonstrable to the eye, that the small tendon

could never have acquired the size of the large one,

until the former had had all its particles gradually

removed, and new particles deposited in their place.

This subject will be considered more fully when I

come to treat upon absorption ; it is noticed at pre-

sent for the purpose of explaining the diffei-ence

between animal growth and the mere increase of bulk

which constitutes crystallization. The proper answer

to the question proposed seems therefore to be,, that

the life of these parts consists in their being under

the influence of those actions by which the growth of

the body is effected and its organization preserved.

All animals, except those of the simplest structure,

possess an outward covering, which connects their

parts together, protects them from injury, and pre-

vents the too powerful impression of the external

agents to which they a^e In the human

species, and in those classes of animals that are the

most nearly allied to it in their structure and organi-

zation, this part is called the skin ; and I have classed

it among the membranous bodies, because, although it

possesses some characters peculiar to itself, it agrees

with the membranes in many, of its properties, both

anatomical, physiological, and chemical.^ The skin

4 See Bonn de Cont. Mem., who perhaps carries the analogy

between the skin and the other membranes too far.
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has been divided by anatomists into distinct layers, or

rather into distinct organs, which possess peculiar

structures and functions ; the principal of which are

the' epidermis or cuticle; the rete mucosum ; and

the cutis, or true skin.

Of these the epidermis is the external covering.

It is a thin semi-transparent body, adhering uni-

formly to the parts on which it is laid, and closely

applied to all their inequalities. It does not possess

any blood-vessels or nerves that can be detected, it ex-

hibits no marks of sensibility, and seems to have but

little connexion with the vital powers of the system.

It is frequently destroyed from various accidents, and

is quickly reproduced, without causing any material

derangement, or any sensible change in the functions

of the subjacent parts. With respect to its minute

structure, we are informed, that it consists of a thin

expansion, in which no specific texture of any kind

can be perceived ; for the laminated or scaly ap-

pearance, which was thought by Leeuwenhoek,^ and

some of the older writers, to be natural to it, appears

to be the effect either of disease, or of mechanical

violence. In some parts, indeed, where it is thicker

than ordinary, it is capable of an imperfect division

into layers ; but these do not seem to possess any
very distinct line of separation, and are irregular

and not well defined.^ Some physiologists have con-

sidered it as a substance merely spread over the sur-

5 Arcana Na^ura, p. 205.

<5 Bichat, Anat. Gen. t. ii. p. 749, et. seq. ; Gordon's Anat.
p. 327.
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face, like a mist or film, and supposed it to be formed

by exudation from the cutaneous vessels,^ while both

Bichat and Cuvier seem inclined to regard it as with-

out any regular arrangement of its parts, and pos-

sessed of no visible organization.^

As the .cutaneous perspiration issues from the

greatest part of the surface of the body, it follows

that the epidermis must joe furnished with pores or

passages of some kincj for its transmission
; yet, with

the exception of Bichat,^ anatomists have confessed

themselves unable to detect these passages. Indeed,

one of the most remarkable properties of this part is

jts power of retaining fluids of all kinds, and pre-

venting their escape from the surface. It is well

known that it retains, for some time, the matter that

is discharged from the cutis by a blister ; and those

who g,re conversant with dissections must have ob-

served how much less rapidly the surface dries up

when it is not deprive.^ of its cutiple/ Various ex-

planations of this fact have been proposed ; Winslow

a^id 3onn suppose that when the epidermis is de-

tached fi'om the cutisj a portion of the latter adheres

to the former, which mechanically closes up the pores;

Albinus and Meckel, that it transudes through the

1 Winslow, Anat. sect. 7, art. 2. § 140 ; Haller, El. Phys. xii.

1. 12; Meckel in Cruikshank on Ins. Persp. p. 10, 27-

8 Anat. Gen. t. ii. p. 752, 757 ; Tab. Elem. p. 55 ; see also

Lawrence's Lect. p. 274 ; Gordon more decidedly states it to be

" truly inorganized or non-vascular ;" Anat. p. 239.

9 Ubi supra, p. 746 ; see also Winslow ubi supra, 147. . 9; oxid.

Bonn, § 6.

» Chevalier's Lectures, p. 11 6".



Vessels. 75

substance of' the" cuticle ; Bichat conceives that the

pores pass through in an oblique direction, and, con-

sequently, that their sides are pressed together when

the body is distended; while the observations of

Cruikshank^ would lead us to conclude that the

epidermis is possessed of a kind of elasticity which

tends to close the pores, unless they are forcibly kept

open by the passage of some fluid through them.

Perhaps none of these suggestions entirely removes

the difficulty ; we may, however, go so far as to re-

mark, that the matter of perspiration, being dis-

charged in the form of vapour, is enabled to pass

through very minute pores ; and that the epidermis,

when removed from the part to which it is attached,

will shrink, and thus close up any openings which it

possessed while in its natural situation.^

There has been as much difficulty respecting the

vessels that secrete or convey the matter of perspira-

tion as the openings by which it is discharged. Wm.
Hunter conceived that he was able to detect them

merely by separating the epidermis from the cutis,

when they might be seen passing from one to the

a On Insens. Perspir. p. 13, et seq.

3 Mr. Chevalier's recent publication contains an account of

some observations which he has made upon this part, which lead

us to a new, and, as it appears, a more probable account of its

functions than any which had been previously proposed. He
conceived it to be composed of " an infinite number of small

velamina regularly arranged," so as to form " a bibulous and ex-

quisitely hygrometrical covering Lectures on the general Struc-

ture of the i^uraan Body, p. 133. pi. 2. fig. I . . 6,



76 Vessels,

other, like the fine threads of a spider's web/ but

this idea is not countenanced by the observations of

subsequent anatomists/ Bichat, indeed, speaks of

the exhalents that, pass from the cutis to the epi-

dermis as being sufficiently visible ; on this point,

however, as well as respecting the pores of the epi-

dermis, it is difficult to reconcile his descriptions

with those of other observers of acknowledged accu-

racy. We are, therefore, still left in doubt, both

respecting the organization of the epidermis, and its

connexion with the other parts of the system : yet

there are many facts which show that this connexion

exists. The facility with which the epidermis is re-

produced, when it has been destroyed, is alone a

sufficient proof of this point, for the reproduction

can only take place in consequence of a regular d^^'

positioiL .(^ particles from vessels appropriated to th#

purpose. And its own structure, when considered'

as a whole, exhibits evident marks of what may bi^

termed organization ; for although it is difficult to^

see any thing of this kind, when we examine only^

small portions of it, yet we observe that there are

particular p^^rts of the body where the epideimis is

always thick; and other parts where it is always thitt,

and this; obviously connected with the uses of these

part^tl. It is also liable to a visible change in its

4 Med. Obs. ^nd Inq. y^ii. p.,j52. pi. 1. fig. l, .?KjTi;) iBjiiobr

s Gordon, p. 239 j See Ruysch. Adv. Anat. Dec.
3,^J smd

the Strictures of Albinus, Acad. Annot. lib. vii. cap. 3.
^ ^

6 Anat. Gen. iM. p. 746.'^

7 Albinus, Acad, Annot. lib. 1. j). 27 j Winslow, ubi supra, 143.
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structure from various morbid causes, so as necessarily

to imply a, connexion with the vascular system

;

from jfvhiph w^e may infer that this is the case at other

tin}€Sjj> although the minuteness of the j^arts prevents

us from discovering it. The analogy of the inferior

animals leads us to the same view of the subject,

for the scales of fish, the thick folds with which the

elephant is covered, and other similar substances, are

properly productions of the epidermis, or are analogous

tQrwhat we consider as the epidermis in the human

subject.^ As far as its chemical composition has been

examined^, it; seems to consist almost entirely of

albumen.

TJaseije is a circumstance with respect to the epi-

dermis which deserves to be noticed; its property of

being thickened by pressure. I have already re-

marked, that it is naturally thicker in certain parts

of the body, as in the soles of the feet, and the

palms of the hands; and we find that, in these

situations, the natural thickness is increased by ex-

ercise, especially if long continued, and not too con-

siderable. The final cause of this change is very

obvious; and it affords one instance, amoug many

others, of that admirable adaptation of the organs to

their appropriate uses, by which they are not only

fitted for perfonning certain actions, but are endued

with the power of accommodating themselves to in-

cidental circumstances. But the physical cause of

this chauge of structure is not so easy to comprehend,

and we are scarcely in possession of any facts which

8 Blumenbacli's Phys. § 177, note.
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can enable us to explain satisfactorily the mode in

ivhich it is produced. It may, perhaps, be referred

to an increased action that is excited in the secretory

vessels of the cutis, analogous to some other opera-

tions of the body, where an increase of vascular action

in a part promotes its natural functions ; but this

explanation is not v^ithout its difficulties, and is, at

least, entirely conjectural.^

The nature of the next layer of the integuments,

which lies under the epidermis, has been much con-

troverted. Its existence was first announced by Mal-

pighi, who described it as a stratum of soft matter, dis-

posed in the form of fibres, crossing each other in vari-

ous directions, which was situated between the epider-

mis and the cutis.^ Some of the modern anatomists

have conceived it to be merely a thin layer of piilpy

matter, without any distinct reticulated structure;^

while Bichat, whose acuteness always entitles his opi-

nions to great attention, altogether doubts its existence

as a proper membrane, and supposes that what BTal-

pighi saw and described is nothing more than a net-

work of extremely delicate vessels, which, after having

passed through the cutis, ramify on the surface in

all directions.'^ There are, however, high authorities

9 This supposition would accord with Bonn's idea of the fonna-

tion of the epidermis, as composed by the continuation of the

cutaneous vessels, united together by the fluid which exUdes froiii

them, § 7-

> Opera Post. p. 28^ et alibi.

^ Blumenbach, de Gen. Hum. Var. § 42 ; et Physiol. § ISO.

3 Anat. Gen. t. ii. p. 66*5. .
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in favour of the original opinion of JMalpighi, some,

at least, of which appear to be derived fi'om Original

observation.^ Cruickshank, who has examined the

skin with great accuracy, speaks of the rete mucosiini

as a substance, of the existence of which he enter-

tained no doubt, and \^hich might be easily detected

in all iiidividuals, and even in some of the internal

parts of the body.^ We have a still more recent ac-

count of it by Dr. Gordon, who, after controiverting

the opinion of Bichat, informs us that it was easy to

demonstrate the existence of a distinct membrane,

between the cutis and epidermis, in the Negro, but

that it was not to be found in the European.^ It is

difficult to decide between such high authorities ;

the e'videiicb in favour of the existence of this body

seems, however, so strong as scarcely to allow us to

doubt upon the point ; but we may, at the same

time, coincide so far with Bichat as to suppose that

the reticulated texture, which Malpighi described,

consists rather of a network of vessels ramifying oh

the surface of the cutis, than forming a part of the

corpus mucosum itself.^

Malpighi announced this body as being the part

from which the colour of the skin proceeds
; and,

4 Albiniis, Acad. Annot. lib. I.e. 1, passim ; Ruysch, Advers.

Auat. Dec. 3. § 8.

5 On Insens. Persp. p. 3, et sfeq. p. 22, 36, et alibi.

^ Anat. p. 242 j see also Lawrence's Lcct. p. 276' ; and Beclard,

p. 272.

7 For a perspicuous account of the opinions of the modern
anatomists respecting this organ, I may ref&r to a valuable paper
in the Ed. Med. Joura. v. xviii. p. 247.
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whatever opinion we may entertain respecting its

structure or its nature, it seems to be generally ad-

mitted, that neither the epidermis nor the cutis are

the proper seat of colour, but that this depends upon

something which is situated between them. In the

Negro it is black, in the Chinese it is yellow, in the

aboriginal American of a copper colour, while in the

European it possesses different shades of red and

olive, more or less approaching to whiteness.® These

different shades of the skin afford a presumption in

favour of the existence of the corpus mucosum, or

of something corresponding to it : neither the epi-

dermis nor the cutis of the Negro, when separately

examined, are black ; nor does it appear that there

is any difference in the colour of the blood, so that

their complexion would seem necessarily to depend

upon something not contained in the vessels, and'

distinct from the other integuments. Besides thie*

general question respecting the existence of the

corpus mucosum, it has been asked, what is the

exact nature of the colouring matter ? is it inherent

in the substance, or is it something superadded to it ?

It has been asserted that the colouring matter may

be dissolved or suspended in water, and it has been

compared to the pigmentum nigrum of the eye, or by

others, to the oily matter which gives the peculiar

colour to the hair ; but it is premature to form con-

jectures about the nature of a substance the existence

of which is still doubtful.^

8 Blumenbacli, de Gen. Hum. Var. Physiol. § 181.

9 It would appear to be this part that is the immediate seat of
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The dark colour of the skin in the inhabitants of

the torrid zone has been popularly ascribed to the in-

fluence of the sun upon the surface of the body,^

but the tinge produced on the skin by exposure to a

bright light appears to have no connexion with the

permanent colour of the Negro. The blackest com-

plexions are not found in the hottest regions, and

there laye some considerable tribes, nearly under the

equator, whose skin is whiter than that of many

Europeans.^ Besides, the brownness produced by the

sun is not transmitted from parents to their offspring ;

whereas the children of Negroes are equally black in

whatever climate they are born, and their complexion

is not altered by any number of generations; while we

find, on the contrary, that after three or four succes-

sive ^stages, the original colour, whether white or black,

is almost entirely obliterated by the union of parents

from different varieties. It lias not been ascertained

uppn what part of the integuments the sun^g^Cts>^He'-
'

the^ upon the epidermis, the corpus mucosunij' ot'^^he

cutis ; but it is probably upon the epidermis, because

we are informed that the tan of the skin maybe
removed by blisters.

As connected with the account of the corpus mitco-

the peculiar colour which is produced by the internal use of ni-

trate of silver, as I have observed that where, in consequence of

scars, the epidermis and cutis adhere together, the surface' has

not acquired the tinge. In apatient in Guy's Hospital, who had been
repeatedly scarified, and had the skin blackened by the nitrate, tlie

marks of the scarificator exhibited the appearance of white lines. .

' BufFon's Nat. Hist, by Wood, v. iii. p. 405.

^ HaUer, El. Phys. xii. 1, 14. Blumcnbach's Phys. EUiotson's
note, p. 412. Lawrence's Lect. p.291.

VOL. I. G
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found that the corpus mucosum was either entirely

"wanting, or at least that it was perfectly white, so as

to escape his observation, and he naturally attributes

the absence of colour in the surface to the state of this

part. We may- therefore conclude that the same

cause operates upon the eye and the skin, that the

redness of the one and the whiteness of the other

depend upon the same physical defect in their or-

ganization, and that it is derived from the parent,

although we are entirely ignorant of what it is in

their constitution or habits which can give rise to this

peculiar condition in their offspring. Albinos have

been born in different climates and countries, and

under circumstances that have no point of resem-

blance, to which we can, with any probability, refer

the phenomena.'

Under the corpus mucosum lies the cutis, or true

skin, a body of considerable thickness, tough, flexible,

extensible, and elastic, of a dense texture, comj)osed

of a number of small fibres or plates, closely inter-

woven and firmly united together. Its external sur-

face is compact and smooth, while the internal is

more loose and irregular ; it is connected to the

parts below it by the cellular texture, and it passes

into this substance by almost insensible degrees.

Besides this, which constitutes the proper basis of

the cutis, or as it has been termed, the corium, tlicre

7 Brewster's Enc. Art. "Albino." Nich. Journ. v. xL\. p. 81.

Lawrence's Lect. p. 28 1 ^ et seq. For some interesting observations

on white varieties of animals, see Hunter on the Auira. QLcon.

p. 2i'3, et seq.
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is attached to it a very extensive system of nerves,

blood-vessels, and absorbents, which are dispersed

over every part of it with the greatest minuteness.

The sensibility of the skin differs very much in its

different parts, but in its general extent it may be

considered as possessing the most acute degree of

feeling of any of the structures of which the body

is composed; and it is accordingly observed in surgical

operations, that the most severe pain is exjierienced

during the division of the skin. Its external surface,

when examined by a microscope, is found to be ren-

dered unequal by little eminences or projections.

These, which have obtained the name of papiilse, are

supposed to contain each of them the small branch of

a nerve, of which they constitute the ultimate ramifi-

cations, and seem to be the immediate seat of the

organ of touch, as well as of all the other sensations

which reside in the surface of the body. They are

the most easily detected, and are supposed to be the

most numerous in those organs which have the most

exquisite sensibility, whether it be that of touch ge-

nerally, as in the points of the fingers, or in other

organs, where there exists some sensation of a more
specific kind. The blood-vessels, with which the

skin is so plentifully furnished, ramify in all direc-

tions over its surface, forming innumerable plexuses
and probably producing that appearance which Mai-
pighi mistook for a reticulated membrane. These
vessels render the skin one of the most vital parts of
the body, subject to a variety of diseases, and inti-

mately connected with various functions, especially
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with those of animal temperature, secretion, and

absorption.

With respect to the minute texture of the skin,

Haller describes it as being the same witli that of

membranes generally ; he says it is composed of

threads and plates^ which are short, interwoven, and

closely adhering together, the external part being

itiore dense, and the interior gradually passing into

the cellular texture.^ The account wliich Bichat

gives of it is essentially the same, except that he con-

ceives it to be composed entirely of threads or fibres,

which are interwoven together in all directions,

leaving spaces between them of various forms and

sizes.^ This structure may be easily detected by

maceration in water, when the tissue of fibres may be

seen, with the interstices or areolae, through which

the hairs, vessels, and nerves probably pass, and by

which they are supported. They do not seem, how-

ever, to pierce through the skin in a straight direction,

but to pursue a winding course, so that it is very

difficult to perceive the actual pores through which

they have proceeded.^ The small cells or cavities

under the skin, formed by the membranous plates or

bands which connect it With the parts below, are ge-

nerally filled with fat, and there are also connected

with certain parts of the skin, a number of sebaceous

glands, which secrete an oily fluid, that is probably of

a specific nature different from the fat.

8 El. Phys. xii. 1.2, 9 Anat. Gen. t. ii. p. 658, et seq.

» Gordou's Anat. p. 232.
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^lie properties of the cutis must be considered un-

der two points of view ; those which are attached to it

as composed of a membranous basis, which gives the

skin its general form and consistence ; and those which

belong to the system of nerves and vessels that are

connected with this basis. The properties of this

basis are probably the same with those of the other

kinds of membranous matter, and are altogether of a

mebhanifcal nature ; it possesses cohesion, flexibility,

extensibility, and elasticity in an eminent degree.

In addition to these, some writers have ascribed to it

contractility, and what they have called tonicity, but

I conceive that this has been done without sufficient

foundation, and that the facts whicli have been ad-

duced, are either of a very dubious nature, or are

more properly referred to the effects of elasticity.

We conclude partly from analogy and partly from

observation, that the papillae contain the ultimate

terminations of the nerves, and are the immediate

seat of the sensation which resides in the skin. lit

all parts of the body it is found that the sensibility

of the nerves resides principally, if not entirely, in

their extremities, where they are either divided into'

extremely minute filaments, or spread out into a thin

expansion. In what degree the microscopical ob-

servations that have been made upon the cutaneous

nerves enable us to trace them into the papillae is

perhaps a little doubtful ; but as far as they can be

depended upon, they lead to the opinion, that this is

their ultimate destination. Besides the nervous fila-

ments, the papillaa are supposed to contain^ each of
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tliem, a minute branch of an artery and a correspond-

ing vein, together with an exhalent and an absorbent

;

but the existence of. these latter vessels appears to be

derived rather from conjecture than from actual ob-

servation. It is however certain that the skin is the

seat of an extensive system of exhalation and absorp-

tion, although it may be very difficult to determine

the actual termination of the vessels, or the exact

apparatus by which these functions are performed.

With respect to the properties of the cutis, considered

in its most extensive relations, we may therefore con-

clude that, in addition to the mechanical qualities

mentioned above, it possesses those immediately de-

pendant upon nerves and blood-vessels, but that it is

without contractility, which is exclusively attached to

the niuscular fibre.

Although the chemical composition of the cutis has

been much attended to by the modern experimental-

ists, our knowledge concerning it is still im^ierfect.

The best English systematic waiters, as Aikin,

Brande, Henry, Murray, Thomson, and Ure, describe

it as consisting chiefly of jelly, and the same opinion

appears to be generally adopted by the French che-

mists. My. Hatchett, whose researches on these

subjects are peculiarly valuable, also regards the skin

as being principally composed of a kind of jelly, al-

though of a more dense consistence and less soluble na-

ture than ordinary. Seguin, who has paid particular

attention to the chemical composition of the skin, in

connexion with the process of tanning, enters more mi-

nutely into the subject, and supposes that it consists
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of two parts, which differ in their chemical, as well as

in their physical properties: a texture of interlacing

fibres, which form its basis ; and a semifluid matter

mechanically interposed between them. The fibrous

part he considers to be nearly similar to the muscu-

lar fibre, and to be formed of an oxidated jelly^ and

the semifluid matter to be of a mucous or gelatinous

nature.^ The idea of the fibre consisting of oxidated

jelly appears to be quite hypothetical, and as far as

we have any light thrown upon the subject by experi-

ment, I should be led to the opposite conclusion, that

the jelly is more oxidated than the fibrous part of the

skin. Upon the whole it is probable that the fibrous

part of the skin, which constitutes its proper substance

or basis, is composed of albumen, like the other mem-

branous bodies, and that it has intermixed with it a

quantity of matter, of a different chemical nature^

which we may suppose to be a compound of jelly and

mucus.

There is a class of bodies connected with the ex-

ternal surface of almost all animals, which, although

very various in their shape and appearance, are ana-

logous to each other in their origin and their chemical

composition. They may be divided into two varieties,

the first consisting of nails, claws, hoofs, scales, &c.

;

the second of hairs, bristles, wool, quills, and feathers.

The first may be considered as weapons of defence or

protection
; they are either productions of the skin,

or at least tliey are so intimately connected with it,

» Fourcroy's System by Nicholson, v. ix. p. 353.
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that it is often difficult to detect the exact line of

demarcation between tliem. They are generally

considered as more immediately attached to the epi-

dermis; and it is observed, that, in some instances, they

occupy the place of this body, lying directly upon the

cutis, and not having any thing exterior to them.^

We may frequently perceive in this class of bodies a

kind of fibrous Or laminated texture, although this

entirely disappears in those that are the most dense,

when they become nearly homogeneous. They are

chiefly composed of albulnen, with different propor-

tions of jelly and mucus.

Hair and feathers differ materially from the bodies

just described, both in their origin and their struc-

ture ;
they proceed from a kind of bulb or root, which

is situated below the cutis, through which they pass,

and project beyond its external surface. They consist

essentially of an external tube and an internal pulp.

In hair the tube is very delicate, and is entirely filled

with the pulp ; in the quill the tube is firmer, and

the internal part is proportionably much smaller in

3 The nails in particular are described by anatomists as being

actually a production of the epidermis of the finger ; and in proof

of this it is stated, that, by maceration, the nail may be removed

along with the epidermis. Haller, El. Phys. xii. 1. 15; Winslovv,

sect. vii. art. 2. par. 192 ; Albinos, Acad. An. lib. ii. c. 15. But

these two bodies differ so much, both in their structure and in the

manner in which they are connected with the contiguous parts,

that I conceive it would be more proper to say, that the nail

occupies the place of the epidermis, and that they adhere firmly

together iit their junction, tlian that they constitute the same organ.
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quantity. Although hair seems so smooth to the

touch, we are informed hy Bichat,* that it actually

possesses an imbricated or bristled texture^ the pro-

cesses all pointiiig in one direction, from the root to

the tip, analogous to the feather part of the quill, and

that it is upon this structure that the operation of

felting de|)ends, in which the hairs are mechanically

entangled together, and retained in this state by the

inequalities on their surface/ Next to the bones,

hair is said to be the most indestructible of the con-

stituents of the body ; and there are accounts of its

having been found in old tombs, after all the soft parts

had entirely disappeared. The hair of different in-

dividuals differs considerably in its thickness, being,

as it is said, from ^-i^ to --^ of an inch in diameter;

and it is ho less variable in its other physical proper-

ties, some kinds being much more dense and elastic

4 Anat. Gen. t. iv. p. 787-

5 There is, however, reason to doubt the existence of these

bristles, which, it appears, have never been detected by the most

powerful microscope ; see Leeuwenhoek's figure in Phil. Trans.

No. 140 ; Fontana on Poisons, tab. i. fig. 1 ; and Hooke's plates in

Micographia restaurata, pi. iii. fig. 2 ; also Yoiing's Nat. Phil. v. ii.

p'. 190. Dr. Fleming, Phil, of Zool. v, i. p. 88, and the author of

the art. " Anatomy," in Dr. Brewster's Enc. v. i. p. 842, describe

the hairs as being conical, tapering from the root to the tip. Dr.

Gordon, Anatomy, p. 444, conceives them to be solid, and the same

idea was maintained by Hooke. The different opinions which

microscopical observers have held on this .point, \vhich it might be

suppo^efd could have been so easily decided, afford a useful illus-

tration of the degree of confidence which we ought to place in

such observations. For an account of the recent observations of

Dr» Goring, sec Appendix, v, iii. p. 35i,
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than otliers, a circumstance which, according to ]\fr.

Hatchett, depends upon the proportion of jelly which

it contains.

We are indebted to Vauquelin for an elaborate

analysis of hair, from which we learn, that it consists

principally of an animal matter, united to a portion of

oil, which seems to contribute to its flexibiHtv and

cohesion. Besides this there is another substance of

an oily nature, from which the specific colour of the

hair is derived, and there are also small portions of

iron, manganese, sulphur, and the phosphate and car-

bonate of lime.^ The animal matter, which consti-

tutes nearly the whole bulk of the hair, is conceived

by Vauquelin to be a species of mucus ; but Mr.

Hatchett has more correctly designated it as being

chiefly albumen, united to a small quantity of jelly.

Vauquelin found that the colouring matter of hair is

destroyed by acids ; and suggests that when it has

suddenly changed its colour and become white, in

consequence of any great mental agitation, it is owing

to the production of an acid in the system ; but this

idea seems very hypothetical, and I conceive it more

probable that the effect depends upon the sudden

stagnation of the vessels which secrete the colouring

matter, while the absorbents continue to act and

"remove that which already exists.^ As the colour of

6 Ann. Chim, t. Iviii. p. 41.

7 I have suggested an explanation of the fact upon the sup-

position that it is an actual occurrence ; hut although every one

must have heard of numerous instances of the hair becoming

suddenly grey, I do not find any cases related where it hap-

pened under the immediate observation of the narrator; and when
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the hair seems to depend upon a peculiar kind of oil,

and as there is often a correspondence between the

colour of the hair and the skin, it has been supposed

that the colouring matter of the corpus mucosum

must, in like manner, be of an oily nature ; the con-

jecture is not without plausibility, but it has not been

confirmed by any direct facts or experiments.

In their natural state all these bodies are without

sensation, and they possess no visible blood-vessels

;

but under certain circumstances, they are subject to a

species of inflammation, when vessels may be detected,

at least in some of them, and they become acutely

sensitive. The painful sensations in this case ap-

pear to proceed, not from any nerves that are dis-

tributed to the organs themselves, but from the

increased bulk of the part, as produced by the state

of inflanimation pressing upon ^aijiji. irritating some

contiguous nerves, in the same manner as in the

inflammation of the ligaments and tendons. An ob-

vious use of hair, in the inferior animals, is to protect

the body from external cold, but except on. the head,

we reflect upon the manner in which the hair grows, by pro-

trusion from the bulb, it is certainly difficult to conceive how,

when once grown, its physical properties can be changed. The
existence of the disease called Plica Polonica, Avhich might seem

an analogous circumstance, is now generally disbelieved. Among
the older writers we meet with narratives, apparently well authen-

ticated, where the hair is said to have continued to grow after

deat'h, ' anci '^'en^^to ^a^^ length, but, upon

whatever evidence they may appear to rest, we may safely conclude

that t'dcre is some, fallacy or inaccuracy iii' the stafefnent.
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this cannot be considered as applying to the human

species, nor can we easily conceive what is its object

in our oeconomy
; yet it is contrary to our ideas of the

nature of things to suppose that what is so constantly

found to exist should not be formed for some useful

purpose.
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CHAP. 11.

OF BONE.

Ijf treating of bones I shall first give an account

of their external form, their internal structure, and

their physical properties ; afterwards we shall ex-

amine their chemical composition ; in the third place

I shall inquire into the mode of their formation ; and

shall conclude with some remarks upon the nature of

their connexion with the other parts of the living

system.

J
1. Form and Structure of Bone.

With the general form and appearance of bones

every one is sufficiently familiar
;
they are hard and

inflexible bodies, without contractility or sensibility,

very little subject to decay, and are perhaps the only

substances to which the term solids strictly applies.

They serve as a defence and support to the soft

parts, either affording them a case, in which they

are lodged and protected from injury, as in the in-

stance of the brain and lungs ; or as pillars to which

the more flexible and delicate organs may be at-

tached and kept in their relative position, as parti-

cularly takes place with respect to the muscles. The
bones are also fixed points against which the muscles

re-act, when they commence their contractions
; they

form a system of cylindrical levers^ by which all the
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movements of the body are effected ; and they like-

wise very essentially contribute to these movements,

by the share which they have in the formation of

the joints ; so that, in conjunction with the muscles,

they constitute the principal organs of the important

function of locomotion. In man and the higher or-

ders of animals the bones are generally speaking in

the interior of the body ; and even when they ap-

proach towards the surface, are always covered by

muscles or membranes; but in the Crustacea, the testa-

ceous moUusca, and in certain insects, the bones

compose an external case within which all the soft

parts are contained.

The larger bones are nearly uniform in different

individuals, but there is some irregularity among the

smaller ones, so that the total number of bones in

the skeleton is not always the same ; in general,

however, they amount to about 260,^ exhibiting every

variety of figure and size, according to the structure

and uses of the particular parts in which they are

found. They may be arranged into three classes,

the long round bones, the broad flat ones, and the

short bones approaching more or less to the square

form ; to the first class belong the bones of the upper

and lower extremities, to the second class those of the

skull, and to the third the vertebras. These three kinds

of bones, as we shall afterwards find, differ not merely

in their external shape, which may be conceived to

8 Soemmering, Corp. Hum. Fab. § 1 2. Boyerj, Anatomies t. i.

p. 12. Monro's Outlines, v. i. p. 12.
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be an incidental circumstance and one of little im-

portance, but likewise in the more essential points of

the niode of their growth and their mechanical struc-

tur^l They arie also distinguished by the uses which

they serve in the animal oeconomy. The long bones

are more immediately adapted for the purposes of

motion, either enabling us to shift our position from

place to place, constituting what is termed loco-

motioni or to act upon other bodies that are contigu-

ous to us, as is especially the case with the hands

and arms; the flat bones obviously serve for the pro-

tection of the soft parts ; while the third class of

bones are usually found in those organs where it was

necessary to unite in the same part a considerable

degree of strength with the capacity for free motion.

It would be foreign to the purpose of this work to

enter upon a description of the forms or uses of the

individual bones, but it may be proper to make a few

observations upon the beautiful mechanism of this

part of the animal fabric, and to show how admirably

each of its individual organs is adapted to its particu-

lar use. For this purpose we may take the example

of the upper and lower extremities. In the human
subject the arms are obviously intended, not for sup-

port, but for acting upon contiguous bodies. They
are therefore so attached to the trunk as to be easily

applied to them in all directions, the upper part ad-

mitting of free motion, and at the same time possess-

ing considerable strength, while the extremity of the

limb is composed of a great number of smaller bones,

that have less motion upon those immediately con-

VOL. I. H
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nectecl with them, yet the whole assemblage consti-

tuting an apparatus which is capable of executing all

the various movements that are necessary for the

purposes of life, with a degree of precision and ve-

locity that would be almost inconceivable, were we

not so familiar with its operations. The arm is so

placed as to be applied the most easily to the objects

that are before us and nearly on the same level ; the

joints of the elbow and wrist are obviously fitted for

the same purpose; while the structure of the hand

and fingers points them out as the organs of what

has been called prehension, and as being singularly

adapted for examining the texture and figure of the

bodies that are within our reach.

The lower extremities are equally fitted for their

specific object, the support of the body and its va-

rious progressive motions. They are strong pillars

so placed as to bear its weight in the most advanta-

geous manner ; the foot is so adjusted to the leg as to

form a |irm basis, while its smaller parts possess that

degree of motion upon each other, which assists in

the changes of position, without admitting of that

variety of complicated actions that are obsei'ved in

the hand, which, in the foot, would have been not

only useless but even injurious, as necessarily dimi-

\mhmg the stability of the body.^ Without going

into a more minute detail, it may be asserted, that if

9 Cuvier, Legons, t. i. p. 473, &c. Bichat, Anat. Descrip.. t. i.

p. 284, et seq. Blumenbach, de Gen. Hum. Var. § 5, 10.

Mr. Aberiiethy's third Physiological Lecture contains many in-

teresting observations on the bones arid joints.
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a skeleton was to be found of an unknown animal

with extremities formed like those of man, we should

be at no loss to decide concerning its general habits
;

that it was essentially a biped, that its body was in-

tended to be kept in the erect position, that it was

neither a flying nor an aquatic animal, but that its

natural abode was the surface of the earth. Nothing

therefore can be more unfounded than the specula-

tions of those metaphysical physiologists, on the one

hand, who, for the purpose of assimilating the human

form and functions to those of the monkey, have

conceived that man was naturally a quadruped, nor

of those, on the contrary, who consider the latter

animals as bipeds. Technically speaking, they are

quadrumanous,^ their extremities all possessing the

characters which point them out as instruments of

prehension.

The form and structure of the articulations are

among the most interesting parts of the animal oeco-

nomy. According to the language of anatomists,

every part where two bones are connected together is

denominated an articulation, whether they admit of

any degree of motion upon each other, or are firmly

fixed together f but I shall only notice in this place

those articulations which are moveable, where the

bones are united by ligaments, or other membranous
bodies of a flexible nature, so as to be capable of

changing their direction or relative position. The

I Bufibn,v. X. p. 15. Cuvier, Tabl. El. p. 94.

^ Sabatier, Anat. t. i. p. 20. Boyer, Anat. t. i. p. 55. Bichat,
Anat. Gen. t. ii. p. 174.

H 2
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moveable articulations present a great variety of forms,

which have received appropriate technical names, but

they may generally be referred to two principal classes,

the ball and sof^ket, and the hinge. In the ball and

socket joint the moveable body is furnished with a

round end, which plays in a corresponding hollow in

the fixed bone ; while in the hinge both are furnished

with processes and depressions, which are mutually

adapted to each other. The hip-joint is an example

of the first, and the elbow of the second species of

articulation ; it is obvious that the first admits of a

rotatory motion in all directions, while the second is

capable of being moved in two directions only.

, Although the general form of the articulation may

be observed in the solid body of the bone itself, yet

in most cases cartilage materially contributes to the

accurate completion of these parts, and the whole ex-

tent of the articulating surface is always covered with

this body. Many obvious advantages arise from this

construction. The smoothness of the cartilage, as

well as its elastic nature, admits of a more easy mo-

tion than could have existed if the two hard sub-

stances had been in immediate contact, while, at the

same time, the parts are less liable to injury from

violent concussion, than if they had possessed a more

rigid texture. In order to facilitate motion, by

diminishing friction, the joints are enclosed in a

membranous bag, filled with a dense lubricating

fluid, called synovia, which is always interposed be-

tween the moveable extremities. To complete the

mechanism of these parts, they are provided with a
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suitable apparatus of ligaments, which serve to keep

the bones in their relative situations, and to regu-

late the motions of the joints, so as to prevent their

displacement, except under circumstances of extra-

ordinary violence. To enter into a description of

the ligaments, or indeed of any of the individual

joints, would be to encroach upon the province of the

anatomist ; I shall only further observe on this sub-

ject, that in no part of the body is the adaptation of

means to ends more apparent than in the construction

of the joints and the apparatus connected with them.^

The mechanical structure of bone formed a part of

the investigations of Malpighi, and he is considered

as having been the first who announced that its

basis consists of an animal matter, the texture

of which resembles that of the cellular substance."^

The experiments of Duhamel proved, that the

animal matter, under certain circumstances, assumed

a laminated appearance;^ but we are indebted to

Herissant for the important fact, that bone contains

an earthy matter, and that many of its specific pro-

perties depend upon this ingredient. He distinctly

states that bone is essentially composed of two sub»

stances, the one a cartilaginous basis or parenchyma,

which gives the general form to the part ; the other a

peculiar earthy matter, which is deposited in the

3 An interestiug example of this kind has been lately pointed
out by Mr. Earle, in the structure of the spine in certain birds

;

Phil. Trans, for 1822, p. 576'.

* Anat. Plant, p. I9.

5 Mem. Acad, for the years 1739, 1741, 1742, 1743, passim^
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cartilaginous basis, and is the cause of its hardness!'^

This may be demonstrated by digesting bone in di-

luted muriatic acid, so as to dissolve the earthy matter

without acting upon the membrane, when we procure

a substance, retaining its former bulk and shape, but

converted into a soft, flexible, and elastic body. In

this process we have removed the earth, and left the

membrane, and by burning the bone we may reverse

the operation, for we may suffer all the animal mat-

ter to be consumed, while the earth is left untouched,

preserving, in a great measure, its former texture.

The general opinion among modern anatomists

respecting the structure of bone, and the manner in

which its membranous part is arranged, is, that like

the other soft solids, it is essentially composed of

fibrous laminae or plates, which are so connected to-

gether, as to form by their intersection a series of

cells, analogous to those of the cellular texture, in

which the earth is deposited. Gagliardi conceived

that the plates were held together by small pro-

cesses, like nails, the form of which he minutely

describes but this has not been confirmed by sub-

sequent observations, and seems to have been a mere

* Mem. Acad, pour 1758, p. 322.

' Anat. Ossium, passim, and fig. 2, This treatise would ap-

pear to exhibit one of those remarkable cases of self-deception,

which are occasionally met with, even in the palpable science of

anatomy. Probably in the same light we must regard the account

given by Havers of the longitudinal and transverse pores ; see

his Ostologia, § 35. . 37- Havers's description is, however, partly

sanctioned by the authority of the elder Monro ; Anatomy of tlic

Bones and Nerves, p. 13,
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fanciful conjecture. Bichat has even denied the ex-

istence of the laminated structure of bone, and has

endeavoured to show that all the facts and experi-

ments which seem to demonstrate its presence ai-e

fallacious, and depend, either upon the peculiar mode

in which the bone has been treated by the operator,

or upon some other cause, which induces the laminated

appearance, although the laminaa did not previously

exist.^ To a certain extent the opinion of Bichat

may be correct. By a kind of loose analogy, which

is so often introduced into all departments of science^

the substance of bone has been described as consisting

of regular concentric rings, like those that compose

the trunks of trees ; an analogy that was probably de-

rived from the hypothesis of Duhamel respecting the

formation of bone, which will be presently noticed.

These concentric layers certainly do not exist,^ but I

think it equally certain that the membrane of bone

is composed of plates, very similar in their general

form and disposition to those of the cellular texture^,

and it is probable that the earthy matter is inserted

between these plates, and thus is likewise disposed to

» Anat. Gen. t. ii. p. 155, et seq. Cheselden says, " Nor are the
parts of bones disposed into visible lamellfe, stratum super stra^

ttim, as mmiy have painted." Osteographia, Introd.

9 The mechanical structure of the membranous part of bone
has been elaborately developed by Scarpa, who has detailed a series

of accurate observations on it in its va;rious states of grovi=-th and
disease, as well as by subjecting it to the action of chemical re--
agents. He very satisfactorHy refutes the idea of the membranous
piart of bone being composed of a series of regular concentric
laminse ; see his essay De Pcnit» Struct. Oss. p. 16, et alibi.
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assume the laminated structure. The proof of this

structure will appear when we come to consider the

internal conformation of hone, and the appearances

which it exhibits when partially decomposed/

When a bone is divided longitudinally, so as to

disclose its internal structure, we observe its different

parts to exhibit a variety of appearances," especially

with respect to the greater or less compactness of its

composition. These varieties have been reduced to

two, the hard or compact, and the alveolar or spongy.

Generally speaking, there is no bone which does not

exhibit both of these textures, the compact forming

its external, and the spongy its internal part. The

long bones consist of a hollow cylinder of compact

matter, including a quantity of the spongy substance
;

but the proportion of the two varies much in the

different parts of the same bone. The shank or

body of the bone consists principally of the compact

with but little of the cellular matter, while the ex-

tremities or heads of these bones are principally com-

posed of the cellular matter with only a thin crust of

the compact substance. It has been asserted, al-

» As we may presume that the earthy part of the bone is

moulded into its appropriate form by the membrane into which it

is deposited^ we may judge of the structure of the latter by that

of the former, which from its firmer consistence it is more easy to

ascertain. Now whether we examine the bone during its forma-

tion in the foetal state, or after it has had its membrane destroyed

by the action of fire, we find the earth to assume the appearance

of fibres, which, when the bone is perfected, liave a tendency to a

laminated arrangement.
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tliougli I do not find that the experiment has been

accurately made, that equal cylinders of the same

bone, taken from different parts of their length,

contain the same absolute quantity of solid fibres,

but differently disposed. The flat bones generally

consist of an external covering of the hard substance-

on each of their surfaces, with a layer of the spongy

matter interposed between them ; while, in the short-

bones, the disposition and proportion of the tw©

kinds of texture is more irregular. In the large

bones of the extremities, where the structure is seen

to the most advantage, the compact substance is

found to be a completely solid body scarcely exhi-

biting any visible arrangement, either fibrous or

laminated ; but, as we proceed towards the inner part,

we find the substance to be less and less dense, until,

at length, it becomes completely cellular, forming-

what have been termed the cancelli. In the centre

of the bone there is scarcely any of the spongy

matter, and a considerable hollow space is left, whicb

is filled up with a series of membranous cells, in^

which the marrow is lodged : some waiters have

called this the reticulated part of the bone.

I have been thus particular in describing the struc-

ture of the long bones in order to show how ad~

mirably the arrangement of their parts is adapted

to the purposes for which they are destined. Their

extremities are the fixed points from which the

muscles re-act, and where greater space was required

for the insertion of the tendons ; their diameter is,

on this account, considerably increased, and their
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osseous matter is disposed in nearly an equal degree

through their whole substance
; while, in the middle

of the bone, which is more exposed to external

violence, and where nothing was wanting but mere

strength, the bony plates are all consolidated together

into a compact dense ring, leaving the centre nearly

hollow. This form of the part, as consisting of a

quantity of compact matter disposed round a central

cavity, has the important effect of increasing the

strength of the bone without adding to its weight.

The resistance of a cylindrical body to a force applied

transversely may be mathematically demonstrated to

be increased in proportion to its diameter, so that

the same number of fibres, placed as it were round

the circumference of a circle, produce a stronger

bone than if they had been all united in the centre,

and the diameter of it had been proportionably di-

minished.^ We accordingly find that the hollow cylin-

drical bones are always placed in those parts of the

body where the power of resisting external force was

an important object ; but where, at the same time, it

was very desirable not to add unnecessarily to their

weight.

~, Although the hard external part of the bone is a

perfectly compact body, in which we can scarcely

perceive any trace of a specific organization, yet

there is reason to conclude that it is made up of

fibres and plates similar to those of the spongy or

. * Monro, Anatomy of the Bones and Nerves^ p. %l ; Porter-

field, in Ed. Med. Essays, v. i. p.
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cancellated part, and diiFering from it principally in

its greater degree of condensation. When we ex-

amine a bone during the process of ossification,^ we

find that those parts which afterwards become the

most completely solidified are of an evident fibrous

texture ; and we observe the fibres to become more

and more numerous as the process advances, and to

adhere more and more closely together, until, at

length, the substance becomes perfectly compact.

And when a bone is subjected to any operation, by

which its substance is decomposed, and its texture

destroyed, as by calcination, by maceration in diluted

acids, or by long exposure to the atmosphere, it al-

ways exhibits a laminated or fibrous appearance, and

shows a tendency to separate into longitudinal por-

tions. Besides, the transition from the compact to

the spongy part of the bone is not marked by any de-

cided limits, but they pass into each other by in-

sensible degrees, so as to show that there is no essen-

tial difference between them.

The direction of the fibres is found to vary, in the

three kinds of bones, according to their respective

forms ; in the round cylindrical bones they are long,

and lie parallel to each other,—in the flat bones they

generally exhibit a radiated structure,—while in the

short bones their direction is more irregular, depend-

ing, in each particular case, upon the figure of the

bone to which they belong.

In its physical properties, bone is the most simple

3 Albinus, Icon. Oss. Foetus, tab. 1, fig. I, 2.
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of any of the components of the body. Membrane,

as I remarked on a former occasion, is not possessed

of any properties that are peculiar to the living

system, and which do not belong to many other sub-

stances ; but bone, when in its most perfect state, is

neither flexible, extensible, nor elastic, and, in short,

has no mechanical properties but those which belong

to every kind of solid matter.

^ 2. Chemical Composition of Soiie.

The chemical nature of bone was very imperfectly

understood until about forty years ago. It had,

indeed, been discovered by Herissant to be a com-

pound of an animal and an earthy substance, but

nothing was known respecting the exact nature of

either of its ingredients. Gahn seems to have been

the first who discovered that the earth was the phos-

phate of lime an earthy salt, which is insoluble in

4 The claim of Gahn to this discovery, which was long doubt-

ful, is, at length, fully established by Berzelius ; see Progress of

Animal Chemistry, p. 76.

The more accurate researches of contemporory chemists, and

especially of Mr. Hatchett, MM. Fourcroy and Vauquelin, and

Prof. Berzelius, have discovered that the earth of bone is less

simple than was previously supposed to be the case. Besides the

phosphate of lime, which forms nearly 82 per cent, of the weight

of the earth, it contains, according to Berzelius, the fluate and

the carbonate of lime with the phosphates of magnesia and soda

;

Thomson's Chem. v. iv. p. 485. The analysis indicates a consider-

able excess of lime above that necessary to saturate the acids

;

and the same excess, although in a little different pi-oportion, is

indicated by the experiments of Mr. Dalton ; Manchester Mem.
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water, becars a high temperature without being de-

composed, so as to give to bone the property of resist-

ing, in a remarkable degree, most of the external

agents to which it is exposed, and to render it the

most durable of any organized body with which we

are acquainted. Accordingly the bones of animals are

found in a tolerably perfect state after a lapse even of

many centuries, and after having been exposed to all

the revolutions to which the surface of the earth is in-

cident. Indeed, from the discoveries which have been

lately made by the modern geologists, we are induced

to believe that bones still remain, which have existed

long before any traditionary or historical records of

which we are in possession, and when the earth was

peopled by animals of a different kind from any of

its present inhabitants.^

The nature of the animal matter of bones was still

longer in being understood, and we are indebted to

Mr. Hatchett for our knowledge on this subject. He
found it to possess all the characters of condensed

albumen, the substance which I have already men-

tioned as the basis of membranous matter of all de-

scriptions. Of the different species of these bodies,

it appears the most nearly to resemble cartilage
; and,

from the observations that have been made on the

original formation of bone, it is reasonable to con-

clude that it is identical with this substance. Be-

V. iii. ser. 2d, p. 5 ; this, however, as he observes, iTiay, perhaps,

be owing to a quantity of carbonic acid being driven off by the

calcination.

5 Clift in Phil. Traus. for 1823, p. 84.
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sides the solid animal matter, bones contain a quan-

tity of jelly, wliicli may be extracted from them

by boiling,^ and we find that this jelly is much more

abundant in the bones of young than of old animals.

Before the experiments of Mr. Hatchett, the same

erroneous opinion was entertained respecting the

animal matter of bones as of membrane, that it con-

sists of jelly, an opinion which is maintained even by

Bicbat^ and Cuvier,^ as well as by other eminent

physiologists, whose works are of recent date. Per-

haps this may be the case with some of the bones of

very young animals
; but, with respect to the perfect

bones of the adult, it is certain that, unless the water

be applied under a degree of compression so as to

raise its temperature much above the ordinary boiling

point, as takes place in Papin's digester, a small

portion only of the bone will be dissolved.

Besides the marrow which occupies the central

cavities of some of the larger bones, the pores and

caiicelli of the bone itself contain a kind of oily

matter, which has been thought to differ from marrow

merely in possessing a greater degree of fluidity.®

The marrow is said to be lodged in a series of mem-

^ Proust in Journ. Phys. t. liii. p, 227 ; Berzelius oi;i Animal

Chem. p. 78 ; see also Ann. Phil. v. xii. p. 106, for the process

employed at Geneva for procuring jelly from bone ; but, as is re-

marlced by the editor, it is the substance alone to which the term

" gelee" is applied that we are to consider as jelly.

1 Anat. Gen. t. ii. p. iCO, ct seq.

8 Tab. Elem. p. 32 ;
Le9ons, t. i. p. 103.

9 Boycr, Anat. t. i. p. 38.
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branoiis cells which, like those in which the fat is

deposited, do not communicate with each other;

while, from the observations that have been lately-

made by Mr. Howship, it seems probable that what

has been called the oil of bones is deposited in longi-

tudinal canals that pass through the solid substance

of the bone through which its vessels are transmitted/

Many conjectures have been formed concerning

the use of the marrow and the oil of bones, but they

all seem to be unsatisfactory. The general opinion

of physiologists about the time of Boerhaave and

Haller was, that the oil served to render the bones

less brittle, and that the marrow was deposited in the

centre to be carried into the body of the bone, and

diffused through its substance, as it was required for

this purpose. Even the most approved of the mo-

derns, as Sabatier and Boyer, seem still to attach

some importance to this hypothesis, for it is stated

by them, although, perhaps, with less confidence than

by their predecessors." As to the oil, it does not ap-

pear that it could have the effect which has been

assigned to it under any circumstances, and it is still

less probable when considered in its actual relation to

the bones, because it appears that the oil which

is found in them is rather lodged in separate cavities

than mixed up with the earthy matter, or diffused

through the substance of the bone generally. But

» iVlecl. Chir. Trans, v. vii. p. 393^ et seq.

» Sabatier, Anat. t. i. p. 16"; Boyer, Anat. t. i. p.. 40
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after discarding the old hypothesis, we have little

that is more satisfactory to offer in its room; the
only i-)lausible conjeotm-e that I can form is, that the
marrow and the oil of bones serve the same purposes
in the animal oeconomy with the other oily secretions;

it was desirable for the bones to be cither

^o}^05Y?r-0^ filled with a substance which should not

ad^jimuch to their weight, advantage was taken of

thi^ circumstance to employ them as deposits or re-

servoirs for adipose matter.'"* With resp^t to the

use of the fat generally, this will be treated of here-

after.

^ 3. Formation ofBone.

There are few subjects in physiology that have

afforded more scope for speculation and hypothesis

than the origin of bone, or the manner in which the

process of ossification is accomplished. The ancients,

who were ignorant of the nature of bone, could not

be expected to form any accurate notions on this

su^ect, and they accordingly satisfied themselves

witli saying, that there was present in the fluids

an Ossific matter which became condensed, as some

thought, by the operation of animal heat, some

by the evaporation of its watery parts, or, according

to others, by mere pressure. But these opinions, and

many others equally vague and gratuitous, were re-

futed by the modern physiologists, and particularly

3 Mr. Wilson^ in his Lectures on the Skeleton, entertains the

same idea respecting the use of the marrow, p. 48, ct sec[.
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by Haller and Albinus.* Haller made a number of

minute observations upon this point, which, although

they did not lead him to a perfect knowledge of the

subject, at least enabled him to avoid the gross errors

of his predecessors. His opinion was that as the

growth of the body generally depends upon the arte-

rial blood, so that of each of its individual organs is

immediately effected by an impulse given to the

vessels of the part, by which an additional quantity

of fluid is carried to it ; and that, in consequence,

either of some provision of the system, or of some oc-

casional exciting cause of a more mechanical nature,

the action of particular arteries is augmented at

certain periods of life, so as to cause their successive

development. With respect to the bones, his idea

was that the osseous particles being, as he styles them,

of a gross nature, the small arteries of the foetal bones

are not capable of receiving them. At a certain

period, however, as the heart acquires more force, it

propels its contents more powerfully, and thus dis-

tends the vessels, and enables them to receive the

earthy particles. But, after a certain quantity has

been deposited, and the bone has acquired a certain

degree of firmness, its rigidity resists further disten-

tion
;
and, at length, by the continued addition of

the osseous matter, the whole becomes solidified, and

concretes into a perfect bone.^

* See Acad, Annot. lib. vii. c. 6, for a sketch of the opinions of

the earlier anatomists upon the nature and formation of bone, as

well as for the author's own views upon the subject.

i El. Phys. xxix. 4. 23, et seq.
; Op. Min. t. ii. p. 595, &c.

VOL. I. I



114 Remark upon it.

Many objections present themselves against this

hypothesis, both when it is considered in its general

outline and in its detail. It is altogether of too

mechanical a nature, and attributes all those changes

to a mere alteration in the diameter of the vessels,

which probably depend upon some action immediately

connected with the functions of life. If we descend

to particulars, we may ask what became of the osse-

ous matter before the arteries of the future bone

were sufficiently capacious to receive it ? The arte-

ries of the bone begin to convey the earthy particles

before they are large enough to admit the red particles

of the blood, so that, from the very earliest period of

foetal existence, we have arteries which are obviously

larger than those that are sent to the bones when

they begin to acquire their earthy matter
;
why, then,

we may ask, was not this matter deposited in these

larger arteries ? and, in short, according to this me-

chanical view of the subject, what prevents the whole

body from becoming ossified, as each separate artery,

or system of arteries, acquires sufficient magnitude

to admit the passage of these gross particles ? On

this, however, as on many other topics in physiology,

it is extremely easy to overthrow the hypotheses of

others, but very difficult to substitute more correct

or consistent ones in their place ; and, on the subject

now under consideration, I confess that I am not in

possession of any adequate means of explaining the

difficulty. Under these circumstances, I shall proceed

to give a brief description of the phenomena that

attend tlie process of ossification; and, without at- r
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tempting to reduce them to a regular theory, I shall

offer some remarks upon them, and shall endeavour

to show how far they can be reconciled with the other

operations of the animal oeconomy, and how far they

must be admitted to be inexplicable. And I must

here remark, that although I have thought it neces-

sary to be explicit in my objections to Haller's hypo-

thesis of ossification, yet 1 am fully disposed to allow

him every degree of merit for the accuracy of his

statements ; for it is to his treatise on the formation

of bone^ that we are indebted for the first, as well as

some of the best observations that we possess upon

the subject.

When we examine the foetus, in the earliest stages

of its existence, as soon as we are able to observe

the rudiments of its future limbs, and the different

parts which are destined to compose the skeleton,

we are able to trace the figures of some of the larger

bones, but they appear to be composed of a matter

which is perfectly soft or semi-fluid, contained in a

delicate membrane. By degrees tlie parts acquire

more consistence, and the membrane becomes more

dense, until they gradually assume the appearance

and exhibit the properties of cartilage. This carti-

lage, which is at first transparent and colourless,

after some time exhibits opake whitish spots on dif-

ferent parts of its surface, which, when examined

by the microscope, are found to consist of a number

^ Expcr. dc Ossiuni Form, in Oper. Min. t. ii. p. 4?60, 6ec. et

556, &c.

I '.I
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of delicate lines ; tliese increase in size and in den-

sity, and at length red points are seen to be dispersed

throngh them, indicating that the blood-vessels of

the part are sufficiently capacious to admit the pas-

sage of the red globules through them. From this

period, which, according to Blumenbach, is, in the

human subject, about the seventh or eighth week

after conception/ the earthy matter is copiously depo-

sited in its appropriate cells ; the parts, which were

at first soft and afterwards elastic, now becom,e hard

and rigid, so that the blood seems to be scarcely

capable of forcing a passage through its vessels,

compressed as they are by the dense matter which

accumulates round them in all directions, and either

entirely obliterates them, or at least greatly diminishes

their number and capacity.

From Mr. Howship's elaborate observations on

the process of ossification, which seem to have

been conducted with much accuracy, it might appear

doubtful, whether the first deposition of phosphate

of lime is not anterior to the formation of the

cartilage, for he informs us that, in the long bones,

the first appearance of osseous matter is a short

hollow cylinder, which is said to exist before any car-

tilage can be distinguished, and which is conjectured

to be secreted by the vessels of the periosteum.^

Before, however, we can admit this inference, we

must decide in what sense the term cartilage is

7 Inst. Phys. § 642.

8 Med. Chir. Tr. v. vi. p. 263, et seq. ; v. vii. p. 387, et seq.
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to be employed; and it must be proved that the

soft matter, in which this osseous cyUnder is formed,

is not itself the future cartilage, merely in a soft

state, united to a large proportion of water. At all

events there seems as much propriety in assuming

the previous existence of the cartilage as of the

periosteum, which is conceived to act so important a

part in the process, and which does not appear to be

distinctly visible at this early period.

During this deposition of bony matter another

very important operation is going forwards. The

cartilage, which is destined to become the basis of

the future bone, is homogeneous in its texture, and

contains no cavities of any kind, but while the dif-

ferent parts of it are changed in their chemical com-

position its mechanical structure undergoes an equal

alteration. In proportion as the secretory arteries

deposit the proper bone, the absorbents carry off the

cartilage ; but although their action corresponds in

^flomt of time, they differ as to the seat of their ope-

rations, the greater quantity of osseous matter being

deposited on the outer surface of the bone, while the

absorption is carried on at the centre, so that when

the external part of the bone acquires its proper de-

gree of hardness, the interior is either formed into a

complete cavity or into the loose cellular substance

that has been described. In contemplating this very

curious metamorphosis, the following questions, among
many others that might be asked, present themselves

to us. What is the origin of the phosphate of lime,

which gives the bones their solidity ? Is it received
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into the system of the mother along with her food,

or have her organs of assimilation or secretion the

power of generating this earthy salt? Supposing

the lime to he
. received into the circulation, what

cause determines it to pass into those particular

arteries that go to the bones, and how is it disposed

of at other times, before and after tlie period of ossi-

fication ? Then if we conceive the earthy matter to

be present in the blood, and to be conveyed by the

vessels to its proper destination, how is it deposited

by the arteries ? Is it poured out from their extre-

mities, is it deposited from their sides, or does it

remain lodged in them, so as in fact to convert the

arteries themselves into the osseous fibre ? Each of

these opinions has had its supporters, and it would

perhaps be difficult to adduce any decisive argument

either for or against any one of tliem ; but upon the

whole it is the most agreeable to the general actions

of the animal oeeonomy to adopt the idea that the

phosphate of lime is poured out from the extremities

of the vessels.

But although it seems, on many accounts, the

most agreeable to the lavfs of the animal oeeonomy,

to suppose that the minute arteries pour out the

earthy matter from their extremities, yet there are

some circumstances respecting the mechanical mode

in which the operation is effected, which it is not

easy to reconcile to this supposition. We may con-

ceive that from some unknown cause the arteries of

certain parts of the cartilage acquire a disposition to

deposit the earthy matter which they contain, yet
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how can these depositions acquire the particular form

which they exhibit? They do not seem to follow

the direction of the arteries which accompany them

in their course, but they sometimes assume the

radiated structure, branching off from a common

centre, or at other times compose masses of parallel

lines, shooting out in a course contrary to that of

the vessels which are supposed to carry the materials

for their formation. If we might be permitted to

indulge a conjecture upon the subject, it would seem

as if certain portions of the cartilage acquired an

affinity for the earthy matter, and that when the

deposit began to be formed, it received accessions of

new matter in consequence of the affiinity between

the particles of the phosphate of lime producing a

species of crystallization.

And here again a new series of questions occurs.

What is the nature of the texture in which the earth

is deposited ? The cartilage previously appears

without any cavities ; are the solid particles then

simply interposed between the particles of the mem-
brane as it were incidentally ? or is a space formed for

their reception, in consequence of a portion of the

animal matter being removed by the absorbents

precisely at the same time that the earthy matter is

conveyed to it? Is the original cartilage entirely

removed, .and new animal matter deposited in its

place, possessed of a different arrangement of its

parts ? or is there some chemical change going for-

wards in it, by which the membrane has both its form

and its composition changed at the same time ? To
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these questions we are, I^conceive, unable to return

any satisfactory answers; yet until they are solved,

it is obviously impossible to form a perfect theory of

ossification.

In order to investigate the subject, and to throw

any real light upon the nature of the effect that is

produced, we must first of all inquire, what is the

exact nature of the animal matter that occupies the

place of the future bone or composes its basis. ,Some

physiologists, as Haller, Sabatier, and Boyer,^, have

stated that it is gelatinous, while others, as Bichat,*

have called it mucilaginous ; but both these terms,

we may presume, were employed in a vague sense,

referring more to the physical properties and consist-

ence of the substance, than to its chemical nature,

which It is probable was never accurately examined,

nor indeed was the knowledge of animal chemistry

sufficiently advanced to enable the earlier writers to

obtain any correct knowledge on this point. Even

Bichat, when he styles it mucilaginous, does not apr

pear to' have aiSjx^ed any other meaning to the word,

than thai 6f^ a semi-fluid substance, possessed of a ;Cprj-

tain degree of tenacity ; for the proofs which he brings

in support of his position are altogether inadequate.

As far as we are able to form an opinion on a point

in which we are entirely guided by conjecture, it is

more probable that the first rudiment of the bone is

9 Haller, El. Phys. xxix. 4.
' S5i Sabatier;, Anat.' t. i. p. 13 ;

Boyer, Anat. tf^,\^, 40 ; see also Gibson in Manch. Mem. v. i. new

series, p. 151.

' Anat. Gen. t. ii. p. ISp.
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gelatinous ' IB jifi miicil^ginous. We find that all the

inembranous parts of young animals contain a consi-

derable quantity of jelly, and that as they advance

in life the proportion of jelly gradually diminishes,

while that of the albumen, which constitutes the

proper in'einbrane, is increased. Besides, mucilage

appears, in all cases, to be the product of glandular

secretion, and we have no proof of the existence of any

organs of this description connected with the foetal

bones.

In its second, or what may be called its cartilagi-

nous state, I am not aware that any direct experi-

ments have been performed upon its chemical nature^

but as it is then in a condition which admits of more

minute examination, and exists in much larger

quantity, we are better acquainted with its physical

properties, and there is reason tV suppose that .the

substance which occupies the situation of the future

bone, is nearly of the same chemical nature with

the membranous matter that afterwards enters into

its composition. Still, however, the mechanical dip-

position of its parts differs so much in the two states,

that it seems most probable, and is njost analogous

to the usual operations of the system, that the first

cartilage should be entirelv removed, and that a new
deposition of animal matter should take place. We
are not able to determine precisely what is the na-

ture of the change which induces the partial opacity

of the cartilage in those places which afterwards

become the centres of ossification, whether it be

merely a greater condensation of the part, or the ab-
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straction of a portion of the water contained in it,

or whether it be the commencement of the actual

deposition of the osseous matter.

The next thing that we observe is the presence of

the vessels carrying red blood, a circumstance which

must no doubt depend upon an increased local action

;

but what is the immediate cause of this, or what

connexion it has with the previous condition of the

cartilage, is altogether unknown. I have already

pointed out the difficulty of explaining the manner

in which the deposition of the earthy matter is

brought about, and indeed enough has been said to

prove that although we are acquainted with the dif-

ferent steps of the operation, and with the order in

which they succeed each other, we are scarcely able,

in a single case, to decide upon their efficient cause,

or to point out any connexion between them.

In considering the formation of bone, and espe-

cially the immediate source whence its component

parts are derived, it may be proper to notice an hypo-

thesis, which for some time enjoyed a considerable

share of celebrity, and which, although at present

discarded, deserves to be mentioned as having led to

some important facts on the subject. Duhamel, an

ingenious French naturalist, had formed an opinion,

that 'the successive layers or annual rings of wood,

which are formed in the trunks of trees, are de-

posited from the inner bark, or rather that the inner

bark of each year is, during the following season,

converted into the alburnum, or the external layer of

the proper wood. This hypothesis he endeavoured
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to extend to the bones, and for this purpose devised

a set of experiments, which were prosecuted with

much diligence. It had been discovered,^ that when

an animal has had madder mixed with its food, the

bones become tinged with a reddish colour. He ac-

cordingly gave madder to an animal for a certain

period, then omitting it for some time, and afterwards

again resumed its use, when upon examining the

bones after this plan had been pursued, he informs us

that they exhibited alternate rings of a red and

white colour, corresponding to the times when the

animal had used the madder or omitted it. His con-

clusion was that the bones are formed of concentric

laminas or rings, which are deposited from the perios-

teum or investing membrane ; and the results of his

experiments, as he reported them, were generally

conceived to afford decisive evidence of the truth of

his hypothesis. Mr. John Bell shrewdly remarks,

that when speculators perform experiments, they ge-

nerally find exactly what they desired to find, and so

it appears to have been with Duhamel. We are

now assured that the succession of differently colour-

ed rings which Duhamel described, could have no

existence, or that if any thing resembling them took

place, it could have no connexion with the periods

during which the madder had been given or withheld.

The hypothesis was indeed very satisfactoiily contro-

verted by Haller,-^ who, at the same time gave the

* Haller, El. Phys. xxix. 4. 26'; see also Duhamel in Mem.
Acad, for 1739; and Gibson, in Manchester Mem. vol. i. new
series, p. 146".

3 El. Phys. xxix, 4. 33 , . 36.
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proper explanation of the phenomenon, supposing

that it depended upon the affinity which exists be-

tween the colouring matter, and the phosphate of

lime ;^ this opinion Rutherford has since confirmed

by direct experiment,^ and has correctly referred it

tp, ;^hf^ general principle by which colouring matters

are,
,,
peculiarly disposed to unite to earthy salts, a

principle upon which the operation of mordants in

the art of dyeing depends.

On the subject of ossification, I shall only further

remark, that its immediate cause appears to be un-

known, but that, in its general nature, it may be

considered as analogous to those operations which we

ascribe to the function of secretion, where the arte-

ries possess the power of either separating particles

already existing in the blood, and appropriating

them /^9fiSpme specific purpose, or of forming new

combinations, which may be afterwards separated

and employed in different ways. The only circum-

stance that is peculiar to this case is, that the

secreting process is confined to a limited period of our

ep^isjtence ; that it commences without any assignable

cause; and when it has proceeded for a certain

length of time, and supplied the wants of the

system, it ceases in a way which is equally inex-

plicable. When we come hereafter to treat more

particularly upon the growth of the body, and the

4 § 26.

5 Blate on the Teeth, p. 138, et seq. It is not a little remark-

able that Hunter fell into the error of supposing that the madder

attaches itself to the animal matter of the bone, and not to its

earthy part ; Home's Lect. on Comp. Anat. p. 6"4.
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gradual developemeiit of its different organs, we

shall observe this adjustment of its physical condi-

tion to the circumstances in which it is placed, not

only as respects the whole system, but in each of its

individual parts ; and we shall find, with regard to

the bones in particular, that they receive their par-

fect form, and complete constitution, in the order

which is the best adapted to the situation of the

animal. As to the cause which determines thes^

effects to be produced at certain periods of our exist-

ence, we can say little more than that we find it to

be a matter of fact. It is a part of the general con-

stitution of the animal system, that, at regular times,

certain changes should take place without our being

able to assign any physical cause for them. In the

present case, the final cause is sufficiently obvious

;

at the commencement of our existence, softness and

flexibility are absolutely requisite, and hardness

would be injurious, while, as the necessity for resist-

ing external violence gradually arises, the capacity

for resistance is proportionably produced.

The power which the constitution possesses of re-

pairing bones when accidentally injured is, perhaps,

more wonderful in its operation than that which ori-

ginally produced them, as it exhibits, in a'mbire

remarkable manner, that mutual adjustment of tte

different corporeal actions, and the adaptation of it

to fortuitous circumstances, which distinguishes the

animal machine from all mechanical contrivances.

Not only do we find that if a bone be completely
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divided the fractured ends are quickly cemented to-

gether, and rendered as firm as before the injury

;

but even, after a considerable portion of the bone

has been removed, a new piece is generated to supply

the deficiency.

A similar kind of controversy subsisted, for a long

time, respecting the reparation of bone as concerning

its original formation. The older writers supposed

that the soft mucus or jelly, which is effused in the

first instance, was condensed by heat or pressure

into a hard gluten, which formed the uniting sub-

stance." This they called callus, and conceived that

it always retained its membranous state, and was

never converted into proper bone. Some physio-

logists supposed that this callus was immediately

produced from effused and coagulated blood, and

others that it was derived from the periosteum of the

old bone. It is now, however, generally understood

that the process by which bone is repaired is very

similar to that by which it is originally produced

;

the arteries of the divided bone' throw out a soft

^ Boerhaave, Aphor. 343, &c. cum comment. Sweiten.

7 From the experiments of Mr. Wood, it would appear, that

the vessels which are principally concerned in this process are,

in the first instance, those which belong to the internal mem-

brane of the bone ; Manch. Mem. v. iii. new series, p. 275, et seq.

This opinion, as well as the other modern doctrines respecting the

reparation of bone, allowing for some inaccuracy in the terms em-

ployed, necessarily depending upon the imperfect state of chemical

science, may be found in the writings of Haller; see Op. Min.

t. ii. p. 477, ct alibi ; see also Scarpa de Struct. Oss. p. 31.
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matter, called lymph, the nature of which has not

been exactly ascertained;^ this becomes gradually

converted into cartilage, or rather, perhaps, is replaced

by it, after being itself previously absorbed; the

earth of bone is then deposited in this cartilage,

and the cartilage either removed, or new moulded, in

the manner which was described above. But what is

the immediate cause by which this change is effected,

why the arteries throw out this substance, how it is

moulded into its proper form, whence the supply of

earth is derived just at the exact period when it is

required for the wants of the system, are questions

that have not yet been satisfactorily answered. The

hypotheses that have been formed upon the subject

have been, in some cases, the mere expression of the

fact in different words; in others, the substitution of

the final for the efficient cause ; or they have pro-

ceeded upon the assumption of some imaginary agent

created by the fancy of the writer to meet the pre-

sent emergency. We cannot doubt that there is a

proper efficient cause for this, as well, a^^^fqi* every

other change which occurs in the system ; and that,

were our knowledge of the animal oeconomy com-

plete, we should be able to refer it to the general laws

8 We should be induced by analogy to conclude that the matter

effused, in this case, is coagulated albumen ; but I believe it has

not been made the subject of distinct experiment. Mr. Dowler's

experiments prove that fibrine enters into the composition of the

buffy coat of the blood, and probably of the fluids which are

poured out in the adhesive inflammation of the soft parts ; Med.
Chir. Trans, v. xii. p. 86, et seq.
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by which the body is directed. At present, however,

our acquaintance with the minute operations of na-

ture is extremely limited, and we are only retarding

the advancement of science by premature attempts

at explaining them.

§ 4 Connexion ofBone with the living sijstcm .

Having now taken a view of the structure of

bones, of their physical properties and chemical com-

position, and made some remarks upon the mode of

their growth and formation, it remains to consider

the nature of their connexion with the system at

large, and the properties which they possess, as form-

ing a part of a living organized body. I have al-

ready remarked, that bone, in its most perfect state,

possesses few blood-vessels, compared with many

other structures ; it does not seem that any nerves

are sent to it, and we judge of the presence of the ab-

sorbents, rather from observing effects which can be

ascribed to no other cause, than from being able

actually to demonstrate their existence. Bone is,

consequently, devoid of sensibility, and is also equally

without contractility ; it partakes only in a small

degree of the general action of the system, and its

changes of all kinds are effected slowly, and often in

an almost imperceptible manner. Yet, like all other

organized parts, we have reason to suppose that every

portion of it is connected with both the arterial and

the absorbent systems, and that, in process of time,

each particle is removed, and fresh ones deposited in
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their place. This gradual exchange of old for new

matter is proved by the phenomena which attend

the growth of bone.^ A soHd organized body cannot

grow by the distention of its parts, or by the accretion

of new matter to its external surface, but by the

gradual re- modelling of the whole. If the secreting

vessels be supposed to act more powerfully than the

absorbents, the new matter is either conveyed more

rapidly, or in greater quantity, than the old matter is

removed, so that the bulk of the whole is ultimately

increased, and yet the operation is effected so gradu-

ally, that the general form of the bone and the rela-

tion of its different parts to each other are not

materially altered.

These observations refer to the bones in their

healthy state. When labouring under disease, they

exhibit very unequivocal marks of vitality, being

subject to affections which are precisely similar to

the inflammation, swelling, and suppuration of the

soft parts, making allowance for the difference of

their mechanical structure. And although healthy

bone is insensible, yet, in some of its diseased states,

it becomes exquisitely painful ; and, in this case, it

9 The experiments of Duhamel, on the effect of madder upon

the boneSj were generally supposed to afford the most direct proof

of this interchange of particles, even by those who admitted the

hypothesis of the concentric layers to be imaginary. But the

experiments and reasoning of Mr. Gibson have shown that the

removal of the red matter depends upon the serum, which cir-

culates through the vessels of the bones abstracting the colour

from the phospliatc by its superior attraction for it ; Manchester

Mem. v. i. new seiies, p. 1
6'0.

VOL. I. K
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imay be ]viesumcd that the sensation arises, not from

any nerves actually sent to the bone itself, but from

its increased bulk and firm texture distending the

nerves that are distributed upon the contiguous parts,

as takes place with respect to dense membranes of all

descriptions.

The same general observations, with respect to

the nature of their vitality, will apply to the bones

as to the cartilages and the tendons ; but there is

one point respecting it, which appears to present an

additional source of difficulty ; are we to consider the

earthy matter as organized and possessed of life ?

Perhaps, at the first statement of this question, every

one will be disposed to deny the possibility of life

being attached to an earthy salt, and, in a general

sense, the objection is valid. But when we come to

consider the subject in its most minute relations, it

will not be easy to point out any essential diflPerence

between the earthy and the animal matter which

enters into the constitution of bone. They are

both derived from the blood, and deposited by vessels

connected with the arterial system ; they both possess

a specific determinate arrangement ; and they are

both, after a certain period, taken up by the ab-

sorbents, and again carried into the mass of circu-

lating fluids. It is not improbable that, before they

are either of them expelled from the system, or are

again applied to any other use in it, they undergo

decomposition, and that part of their elements may

be employed in forming new compounds, while the

remainder may be rejected by some of the excretory
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passages. I should be inclined, therefore, to say,

that the phosphate of lime, while forming a part of

an organized body, is alive, because the bone is so

generally ; but the phosphate of lime, or its elements,

while they are circulating in the blood, or passing

off by the kidney, or alimentary canal, cease to be

so, in the same manner as the carbon which is ex-

pired from the lungs, or the mucus which is expelled

from the mouth, are not considered as being alive,

although they may, perhaps, a short time before,

have been employed in the composition of a muscle

or a nerve. This view of the subject will lead us to

reject the mechanical idea which has been enter-

tained by some physiologists, that the earthy matter

of the bones is simply deposited in the interstices of

the membrane, and has its particles kept together

merely by the cells in which they are lodged. I con-

ceive that the earthy particles have an affinity for

each other, and perhaps for the membrane, by which

they are combined in a form that belongs to them, as

necessarily as to any of the soft parts, although it

produces in them a peculiar arrangement, which may

not be found in any other substance.*

* The 4th vol. of the Dublin Hospital Reports, which is just

published, among other valuable articles, contains a particularly

interesting paper by Mr. Crampton, on the excision of carious

joints ; a paper which indicates the talent of a skilful operator,

combined with a correct knowledge of the laws of the animal

(Economy. The facts which are brought forwards afford a x-e-

markable illustration of the powers of the constitution in repairing

injuries of the bones, and even in replacing considerable portions

of them that had been removed.

K 2
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CHAP. III.

OF MUSCLE.

The next subject which we are to consider is the

mnscles, and I shall arrange what I have to say re-

specting them under six heads. I shall first describe

the form and structure of muscles
;

second, their

chemical composition ; in the third place, their pro-

perties ;
fourth, their uses ;

fifth, their mechanism
;

and lastly, I shall offer some remarks upon the hypo-

theses that have been formed to explain their action.

§ 1. Porm and St?'uctu7'e of 3Iuscles.

Muscles constitute what we call the flesh of ani-

mals, but although these terms are now by every one

regarded as synonymous, the older authors made a

distinction between what they styled the flesh, and

the fibrous part, regarding this latter only as the

proper organ of motion j and it was not until the

middle of the seventeenth century that this error

was rectified by Steno.^ In their usual form, muscles

are composed of masses of fibres,^ lyi^ig parallel to

I De Muse. Obs. Specimen, in Manget, Bib. An. t. ii. p. 518,

et seq.

a Croone appears to have been the first physiologist who had

a distinct idea of the fibrous structure of muscles, and that mus-

cular motion depends upon the contraction of the fibres. We
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each other, intermixed with a quantity of mem-

branous matter, a structure which is visible to the

naked eye, and may be rendered more apparent by

cutting the muscle transversely, and macerating it,

for some time in hot water, or in alcohol.^ The whole

muscle is enclosed in a membranous sheath, which

covers it in every part, except where its ends are at-

tached to the bones. We observe that the fibres are

disposed into small bundles, called lacerti, each of

which is also inclosed in a sheath of membrane, and

that these bundles are divisible into still smaller

bundles, apparently without any limit, except what*

arises from the imperfection of our instruments.

Although the fibres of many of the muscles appear

to be of considerable length, yet it has been doubted

whether this be actually the case, or whether what

appears to be one continuous fibre may not, in reality,

be made up of a number of smaller ones that are

connected at their extremities ; the authorities for

each of these opinions are nearly balanced, but,

perhaps, those for the continuity of the fibre may,

upon the whole, preponderate. The fibre is repre-

sented by many writers as exhibiting a wrinkled or

learn from Eloy, Diet. Hist. " Croone/' that he published a

treatise, "De Ratione Motus Muscul." in 1664; see also Acta
Erud. for 1682 ; PhH. Trans. 1681, Phil. Col. No. II. p. 22.

3 For a most correct delineation of the disposition and direction

of the fibres of the different muscles Connected with the trunk of

the body, I may refer to Prof. Tiedemann's very beautiful litho-

graphic plates of the arteries ; a work which is no less admirable
as a specimen of art than of anatomical accuracy.



134 Vessels.

waved appearance; but there is reason to doubt

whether this be its natural state, and whether it may

not depend upon the condition in which it is found,

when it is examined after death, and detached from

the neighbouring parts. In most muscles, the centre

is thicker than the rest, and appears to contain more

fibres ; this is called the belly ; hence it gradually

diminishes in size to the extremities, one or both of

which terminate in a membranous body, which is

either a tendon, or an expanded membrane, called

an aponeurosis, according to the situation of the

muscle, and its connexion witli the neighbouring

organs. There are considerable interstices between

the muscles, which are occupied by fat and cellular

texture, and in these intervals a safe lodgment is

afforded for the trunks of the blood-vessels and

nerves. Most of the large muscles are situated near

the surface, covering the bones, and filling up the

spaces between them, so as to produce the general

form and outline of the body. Besides the apo-

neuroses, which are attached to the muscles, and the

membranous sheaths which cover them externally,

and inclose their lacerti, expanded membranes are

often found entering into the body of the muscle,

and dividing them into separate portions. All these

varieties of mechanical structure are obviously adapted

to the uses of the individual muscles in which they

are found, and there is no part of the animal oecono-

my which exliibits more of this kind of adaptation

than the muscular system.

With the exception of some of the viscera, mus-
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cles are more plentifully supplied with arteries than

any other parts of the hody ;
they are distributed

among the fibres in numerous branches, which con-

tinue to subdivide with so much minuteness, as at

length to become no longer visible. The capillary

veins are equally, or even more numerous than the

arteries, and form a complete vascular net-work ; the

contents of which are gradually discharged into

larger and larger vessels, until the blood at length

arrives at the main trunks The veins that belong

to the muscles are remarkable for t]ie number of

valves which they contain. The ultimate termina-

tion of the blood-vessels, or the manner in which the

arteries are connected with the veins, is not very

accurately ascertained ; but this is a point which will

be considered with more propriety hereafter.

The apparatus of nerves, which is sent to the mus-

cles, is very considerable; and especially to those which

are under the control of the will, being greater in

proportion to their size than to any other part of the

body, except the organs of the senses. The nerves

that belong to the voluntary muscles proceed almost

exclusively from the brain itself, or from the spinal

cord, whereas the muscular coats of the viscera are,

for the most part, supplied immediately from the

ganglia. The former are so much more numerous

than the latter, that, according to the remark of

Haller, the nerves that go to the thumb are more in

quantity than those that supply the whole substance

of the liver. There are many curious circumstances

connected with the distribution of the nerves, and
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the course which they take, as, for example, where a

nerve runs for a considerable distance, as if for the

express purpose of supplying a particular muscle,

which might have received its nerves from a nearer

source ; and where two or more nerves come to the

same muscle when there is no apparent reason, from

the structure of the part, why any one of them alone

might not have been sufficient.'* It has been thought

that each separate fibre, or, at least, each of the

smallest bundles into wliich the fibres are arranged,

contains one of the ultimate branches of an artery

and a nerve ; our actual observations scarcely enable

us to decide upon this point, but there is some reason

to suppose that it may be the case.

I have now been describing the structure of muscles
^1/ °

as^it ajipears to the naked eye, but many anatomists

have attempted, by the aid of the microscope, to

ascertain the nature of the ultimate fibre, as it has

been called, or that which is no longer capable of

further subdivision without a breach of its substance.

As is generally the case in microscopical observations,

tiie descriptions that have been given by these

writers are very various, both as to the size and the

form of the ultimate fibre ; and there is also a want

of uniformity in the terms which they have employed

to express the gradations of the component parts of

the muscle, which apparently increases the discord-

ance of their statements.

4 These and other apparent anomalies of a similar kind are

explained by the very ingenious hypothesis of Mr. C. Bell ; see

Phil. Trans, for 1821, p. 398, et seq.
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Leeuwenhoek, who is celebrated for the early use

which he made of the microscope in anatomical re-

searches, describes the ultimate filament as being

almost inconceivably minute, some thousands of them

uniting to form one visible fibre. We learn from

him that the ultimate fibres are serpentine and cylin-

drical bodies, lying parallel to each other ; that they

are of the same figure in all animals, but differ con-

siderably in their size. He states that their size

bears no proportion to that of the animal to which

they belong ; and that even, in some instances, the

smallest animals have the largest fibres
; as, for ex-

ample, the fibres of the frog are said to be larger

than those of the ox.^

'^Muys, an industrious Dutch anatomist, was en-

gaged, for several years, in investigating the minute

structure of muscles, and his description, in many

respects, agrees with Leeuwenhoek's, except that he

supposes the ultimate filament to be always of the

samfe size. He imagines that the fibres are distri-

buted into regular gradations or series, and that the

sftiailest fibrils of which the last series is composed,

are some hundred times less than the finest hair, a

proportion larger indeed than that assigned by Leeu-

wenhoek, yet still too minute to permit us to form

any conception of it. Many other accounts of the

structure of muscles have been published from time

to time ; some anatomists described them as being

straight, others zig-zag or waved, and others wrinkled

5 Arcana Naturae, p. 43, et seq.
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or knotted : some as being solid and others hollow,

while many eminent physiologists have conceived

that they are jointed, and consist of a number of

parts, connected together like a row of bcads.^

Borelli, a learned and ingenious Italian, well known

for his elaborate work on muscular motion, announced

that the fibre consists of a series of hollow rhomboidal

vesicles, and deduced from this structure a theory

of muscular contraction, which he supported by a

long train of mathematical problems, and while ma-

thematical reasoning was fashionable in physiology,

his demonstrations were conceived to be incontrover-

tible. A peculiar modification of Borelli's opinion

was proposed by Stuart, who thought that the mus-

cular fibre was composed of a string of vesicles,

immediately formed from the substance of the nerves,

which he conceived was similar to that of the tendons,

and that these vesicles were covered by a net-work

of blood-vessels.^

6 Haller, El. Phys. xi. 1.3.. 6; Soemmering, Corp. Hum.

fab. t. iii. § 14 ; Prochaska, de Carne Mus. p. 19^ et seq.

7 Dis. de Mot. et Struct. Mus. c. 8.

The idea of the vesicular structure of the muscular fibre was

embraced by Hooke, in part at least from his own observations,

and was at first admitted by Leeuwenhoek, although he after-

wards, upon further examination, retracted it. It appears to have

been previously employed by Croone as tlie basis of his hypothe-

sis of muscular contraction, and was adopted for the same pur-

pose by KeUl and Stuart, yet notwithstanding the sanction of so

many learned names, it seems to be totally void of foundation.

See Leeuwenhoek, Arcan. p. 43, 54, and 58 ; Phil. Trans. Phil.

Col. No. v. p. 152, and No. vii. p. 188, April 18, 16"82.
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Another opinion entertained respecting the nature

of the muscular fibre was, that it is entirely com-

posed of vessels, either possessing some peculiar

structure, or consisting of the small branches of

arteries. This hypothesis, which appears to have

been first broached by Hooke, was adopted by many

learned physiologists, especially those of the me-

chanical sect, and was made the basis of some of

their speculations concerning muscular contraction.

A number of facts were adduced in its support, but

they may all be explained hy the numerous vessels

which are dispersed through the muscles, without

having recourse to the supposition that the fibre itself

has a vascular structure.^ Many celebrated names,

and among others those of Willis^ and Baglivi,' are

attached to an erroneous opinion, that besides the

longitudinal fibres, muscles possess transverse fibres,

crossing the others at right angles, and that these

are important agents in muscular action. This di-

versity of opinion has in part arisen from the uncer-

tainty which attends all microscopical observations,

and in part, no doubt, from the state of mind with

which the observers made their inquiries, biassed by

a favourite notion, and anxious to discover some

appearances which might support their hypothesis.

The sagacity of Haller perceived the futility of these

fanciful opinions, and his authority greatly contri-

buted to effect their downfal. Since his time the

See Carlisle, Phil. Trans, for 1805, p, 7.

9 De Motu Muscul. in Pathol. Spas. p. 4<6.

' Opera, 1). :',()9-
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subject has been examined by Prochaska, an able

anatomist of Vienna, by the Abbe Fontana, by Sir

A. Carlisle, and Mr. Bauer. We meet likewise with

a great number of valuable remarks on the muscles,

and on the mode of their actions in the writings of

Bichat, who, although he has not added any abso-

lutely new facts or observations, has arranged the

knowledge which we possess on the subject with

much ingenuity, so as to present many parts of it

under a novel and interesting aspect. If his classifi-

cation should appear too minute and intricate, and

some of his opinions rather subtile than well founded,

still there is in them much that is extremely im-

portant both to the anatomist and the physiologist.

Prochaska, in entering upon his work, proposes a

nomenclature of the component parts of the muscle,

which professes to be derived from the actual struc-

ture of the parts. To the larger divisions of the

muscles he applies the old term of lacerti, using it in

the same sense with Haller and other preceding ana-

tomists ; the term fibre he restricts to the smallest

divisions of the lacertus, which can be easily separated

by mechanical means, while the still more minute

parts, which are only to be detected by the use of

glasses, he calls the threads or filaments. He in-

forms us that each of the fibres, as well as the lacertus,

is inclosed in a proper membranous sheath, but it

does not appear that this is the case with the fila-

ments, a number of which are invested in one com-

mon sheath, and are connected together by a fine

web of cellular texture. The fibre, when properly

prepared, and separated from all extraneous matter.
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he conceives to be of the same thickness through the

whole of its extent, and continuous from one end of

the muscle to the other, not as Haller and many other

anatomists have supposed, consisting of a number of

smaller fibres connected together by their extremi-

ties. Leeuwenhoek, Muys, and most other preceding

writers had described the fibres as being cylindrical,

but Prochaska says that they are obviously of an

irregular polyhedral form, and that they are generally

flattened, being thicker in one direction than the

other. The fibres are not always of the same

diameter, they differ in different animals, and like-

wise in different parts of the same animal, and he

also observes that they are smaller in young subjects,

and increase in size as the body increases in bulk

generally. These circumstances, as he remarks,

render it very difficult to institute any very accurate

comparison between the size of the fibre in different

animals, and render Leeuwenhoek's observations on

this point very doubtful.

With respect to the ultimate fibres, or, as he styles

them, the filaments, their shape and extent is said to

be similar to that of the larger fibres, being flattened

polyhedrons, reaching the whole length of the

muscle. They differ, however, from the proper

fibre in being always of the same magnitude, and

this he estimates, nearly as Muys had done, at about

one-fiftieth part the size of the red globules of the

blood. As the fibres are of different diameters, the

number of filaments contained in each fibre must be

necessarily different, varying from 100 to 400 or 500.
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The filaments are solid and homogeneous; when pre-

pared for examination they have a number of depres-

sions or wrinkles on their surface, which gives them

a waved appearance, and, when viewed in a certain

direction, makes them appear somewhat serpentine

or zig-zag, but these depressions he conceives are

produced by the blood-vessels, nerves, and mem-
branous bands which crossed them.^

The account which Fontana gives us of his mi-

croscopical observations on the ultimate muscular fibre,

is on the whole, not very different from that of Pro-

chaska. By the use of a fine needle he divided the

muscular fibre into small filaments, which seemed to

be incapable of further subdivision ; these he calls the

primitive fleshy filaments, and some hundreds of them

unite to compose what he denominates a primitive

fleshy fasciculus or bundle, by which he probably

means the same division that Prochaska simply calls

a fibre. The primitive filaments are described as

solid cylinders, marked externally with transverse

lines or bands at equal distances ; the filaments lie

parallel to each other, and are not twisted together,

as is the case with the primitive filaments of mem-

brane ; and from this circumstance he says that the

two parts may, at all times, be distinguished from

each other. The extreme branches of the blood-

vessels and nerves, although so plentifully distributed

through the muscles, do not seem to enter into the

substance of the filaments, nor even of the primitive

fasciculi. The smallest vessel capable of containing

* De Carne Musculari, p. 25, et scq.
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red blood, is about three times larger than the mus-

cular filament, and the smallest nerve about four

times larger than the smallest blood-vessel, so that

there is no difficulty in detecting them when they are

mixed with the filaments.^

The observations of Sir A. Carlisle differ, in many

respects, from those of preceding writers, especially

of Prochaska and Fontana. He describes the ulti-

mate fibre, by which he appears to mean the filament

of the above authors, as " a solid cylinder, the cover-

ing of which is a reticular membrane, and the con-

tained part a pulpy substance regularly granulated,

and of very little cohesive power when dead." He
speaks of it as what may be very easily detected by a

microscope, and as not being so extremely minute as

had been previously conceived, but he prudently de-

clines stating its actual size. The extreme branches

of the blood-vessels and nerves are seen ramifying on

the surface of the membrane inclosing the pulp, but

we are not able to trace them into the body of the

fibre. There is, upon the whole, a simplicity and

clearness in this description which inclines me to

place confidence in it, but, at the same time, it would

be desirable that the observations should be repeated

and confirmed, as the authority of some of the ana-

tomists who differ from him is too respectable to be

hastily abandoned.'*

The account which Mr. Bauer gives us of the mus-

cular fibre differs considerably from that of either

Prochaska, Fontana, or Carlisle. In examining the

3 Sur les Poisons, t. ii. p, 228 ; vol. vi. fig. 6, 7, 9.

4 Phil. Trans, for 1805, p. 6".
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globules of the blood with his high magnifiers, he

found that these bodies, when deprived of their co-

louring maitter, were of the same diameter with the

ultimate muscular fibre, and that the fibre was in

fact composed of a series of the globules arranged in

straight lines. He confirmed his observations by a

subsequent experiment, in which, by a certain degree

of maceration, he succeeded in reducing a muscle,

first, into a number of fibres of the same diameter

with the globule, and, by continuing the operation,

into the globules themselves ; the size of the globule,

when deprived of its colouring matter, and conse-

quently that of the muscular fibre, he estimates at

-soVjt of an inch in diameter.^

Among the more noted hypotheses that have been

formed respecting the nature of muscles, independent

of their visible appearance, I must not omit to men-

tion one which prevailed very generally about 50

years ago, and was zealously defended by CuUen, that

muscles are, to use his own expression, the moving

extremities of nerves.^ The fibres of the muscle

are supposed to be continuous with those of the nerve,

and to be absolutely the same substance, but that

they experience a change in their structure, so that

when the nerve is converted into muscle it loses the

power of communicating feeling, and acquires that

of producing motion. This doctrine of Culleu's seems

s Phil. Trans, for 1818, p. 174, 175; pi. 8. fig. 4, 5, 6.

For an account of the recent microscopical observations of Dr.

M. Edwards and M. Dutrochet on the muscular fibre, see App.

to Chap. 1, in vol. iii. p. 346 and 352.

6 Instit. § 94.



Musculo?' Coats. 145

to have been the result of the physiological specula-

tions that he had formed respecting the nature of life.

Following up the idea of HofFnianii, that the animal

functions exhibit phenomena of a specific kind, which

cannot be referred to any other powers in nature, he

classed them together under the denomination of

vital ; and as both sensation and spontaneous motion

were obviously to be placed among the vital operations,

he hastily concluded that they must proceed from the

action of the same organs. In answer to this hypo-

thesis I think it sufficient to observe, that substances

which differ in their appearance and structure, as

well as in their physical and chemical properties,

can have no claim to be regarded as identical.

And with the same remark I may dismiss an ana-

logous speculation, that muscle and tendon are the

same substance, differing only in the more condensed

state of the latter ; an opinion which was transmitted

from the ancients, embraced by Boerhaave and his

disciples, was adopted by Albinus, who studied the

muscles with such minute attention, and was in short

so generally admitted, even in the middle of the last

century, that Haller^ and Sabatier^ scarcely ventured

to give a decided opposition to it.

Besides the bodies which I have described above,

to which the name of muscles has been generally ap-

plied, muscular fibres appear under a different form,

and one which is less obvious to the eye, but which is

no less necessary to the existence of the animal. I

7 El. Phys. ii. 1. 18. ^ Anatomie, t. 1. p. '242.

VOL. I. L
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refer to those structures, where fibres, which appear

essentially to resemble those of the proper museles,

are attached to membranous expansions, composing

what have been called muscular coats. These; mus-

cular coats are connected with the hollow cavities that

exist in different pai'ts of the body, in the form either

of pouches or cylinders, and are destined ffor^^tilae

transmission or lodgment of various bodies of a soft

or fluid consistence, and which propel their contents

by means of these fibres. The mechanical structure

of the muscular coats is considerably different from

that of the proper muscles; the fibres /^fe mjmch

shq^ter, and instead of lying parallel, as is always the

case with the muscles, they seem to be interlaced at

twisted together, and, according to Prochaska, some-

times even to anastomose or bifurcate.^ The fibres of

the muscular coats do not exhibit that division into

lacerti or bundles, nor have they the regular belly or

tapering extreniities of the others. Their immediate

attachments are; also different ; the proper muscles

have one of theiir ends at least terminating in a tendon

of fibrous membrane, while the muscular coats are

attached to membranes that exhibit less of the fibrous

and more of the cellular texture. Iff

The uses of these two classes of bodies are like-

wise tery. different. The propea* muscles areijalWaySs

designed to' produce the motioUffof jsome parjk^Ofj th^

body, by altering its relative position with respect to

the other parts, while the motions that are caused by

9 De Came Muscul. Tab. 6. %• 2 and 3
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the fibres of the imiscular coats dfe designed to operate

solely upon the contents of the organ to which they

belong, and cons^ist in a number of small contractions,

in each of which a few fibres only act at the same

time. And these two kinds of organs diflPer more-

over in the connexion which they have to the other

parts ('of the living system, and particularly to the

liferves ; for while most of the proper muscles are sup-

plied with nerves, either from the brain itself or from

tJi^ 'spine, which may be regarded as an immediate

appendage to the brain, or are, many of them, more

or ie^ dependant upon the will, the ittuseular coats

M, iia liiost cases, supplied from the ganglia, and

their action is entirely involuntary.

From this difference in their structuTe and proper-

ties iTiost anatomists have restricted the term muscle

to th^ regular masses of parallel fibres; but Bichat

applies it glenerally to both of them. The proper

muscles, as being the m.edia through which we ob-

serve the operation of both sensation and motion,

those qualities which are essential and appropriate to

aroimsl existence, he styles muscles of animal life,

whileilbe other class he calls the muSfcles of organic

life, iia consequence of their being destined princi^

pally for those organs which serve for the support of

the individual, but which do not present so obviously

the phenomena of sensation and motion.^ The cor-

rectness of Bichat's names depends upon that of his

peculiaf theofiy of vitality, which will be examined

' AiiHl . Gen. i. iiip. 400.
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hereafter : I shall therefore adhere to the former

nomenclature, and when I speak of muscle in the

abstract I must be understood to refer solely to the

larger masses of parallel fibres, while to the others I

shall apply the usual term of muscular coats.

In man and the more perfect animals muscles gieiie-

rally possess a reddish brown colour, but this Sfelems

not to be essential to them, as by sufficient ablution

in water, or by maceration in alcohol, they may be

deprived of it, and be rendered nearly white, ^vithout

having their texture apparently altered. As their

coloiir is 'mosi: considerable in animals with r6d blood,

it has " been ustta,lly attributed to a quantity' of red

blood remaining attached to the fibres, either e^ttra-

vasated through them, or simply contained in the

vessels ; but Bichat'endeavours to show that this is

not the case, and that the colour depends upon some

foreign substance that is combined with the fibre.

He founds' his opiiiioii upon the circumstance; thkt in

the same animal some of the muscles are always milch

redder than others, and yet that they do not appear

to have a greater quantity of blood sent to them, and

also that in different classes of animals the colour of

the muscles does not appear to correspond with the

quantity ofred blood circulating through their vessels.^

But whatever be the nature of the colouring matter,

we may conclude that it is not necessary to the con-

stitution of the fibre or to its specific properties;

for some of the muscular parts that are the most

^ Anat. Gen. t. ii. p. 327-
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coptractile are of the lightest colour. Generally,

however,' the red colour prevails in the voluntary

muscles, and i,t,! Jp,as also been observed that in those

which are naturally coloured, the shade becomes

deeper in proportion to the degree in which the

muscle is exercised.^

j
Besides the membranous substance, which seems to

enteiJ into the necessary structure of a muscle, which

envelopes its fibres and lacerti, and forms its sheath,

determining its figure and preserving it in its proper

position, there is likewise a quantity of cellular sub-

stance of a more loose texture interspersed through the

body of the muscle, and filling up the cavities between

it^ separate parts. This is similar to the cellular sub-

stance which enters so largely into the composition of

the body generally, and like it appears to be intended to

contain both fat and the peculiar albuminous fluid. It

has been conceived that, besides the proper fat which

is lodged in its appropriate cells, muscles contain a

i
quantity of oil of a more fluid pori^istence!, which is

intimately united with them, and serves to lubricate

them, to assist their movements, and to prevent their

adhesion; but this opinion is rather founded upon

conjecture and the supposed utihty of the substance,

than upon any experiments which have directly proved

its existence.

A quantity of albumen, of jelly, and of the pecu-

liar substance called extractive matter, may be pro-

cured from the muscles by boiling, but it does not

^ Home's Lcct. ou Comp. Anat. p. 31, et scq.
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p-ppear that tbesjtj form auy esse»tial part of Jtlmr sub-

stance, and it ig doubtful whether the jelly he always

present in the muscles of the adult. In young ani-

mals it appears that the muscles, as well as the mem-
branes and bones, contain a considerable quantity of

jelly, but as they advance in age this jelly disappears,

and is replaced by albumen. When muscles are di-

gested in warm water, a quantity of sahne matter is

separated from them, but it is doubtful whether this

be attached to the muscular fibres themselves, or be

merely lodged in the different vessels that pass through

them; the former, however, appears the more probable

supposition, because, as far as it has been examined,

it would seem not to be the same combination of salts

which exists in the blood.

When the muscular fibre has been macerated io\^VL

sufficient length of time, and is cleared as much as

possible from all extraneous matter, we obtain it in

a pure state. It is nearly white, without much taste

or smell, and if it be kept free from moisture, it will

remain a long time without undergoing decomposition

or experiencing any change."* If the water which Ijas

been employed in the maceration, and which contains

albumen, jelly, extract, and various salts, be evapo-

rated to dryness, and then treated with alcohol, the

extract alone is dissolved, and, by the evaporation of

the alcohol, may be obtained in a pure state. This

substance was discovered by Thouvenel ; it has a

brown colour, an acrid taste, and an aromatic odom*.

\ Fpurcroy's System, by Nicholson, v. ix. p. SS5.
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is soluble both i in water and in alcohol, and would

seem td^ he' 4he ingrMiefit which' gives the specific

flavour to thfe flesh of different animalSj'and especially

to be the part which forms the brown crust on roast

meat. M. Thenard has given the name of Osmazome

to the substance.^

The salts that are contained in muscular flesh, or

conneidted with it, are principally the phosphatefe of

soda," aiiimonia, and lime, and the carbonate of lime,

f^or the discovery of the phosphate and carbonate of

lime we are indebted to Mr. Hatchett.^ Fourcroy and

Vauquelin inform us that they have detected sulphur

and potash in muscles/ and Prof. Berzelius the mu-

riate, phosphate, and lactate of soda but j)erhaps

there is still some uncertainty respecting the natureof

the salts, and the mode in which they exist when

entering into the constitution of the muscle.

J 2. The Chemical Composition ofMusde.

The muscular fibre, in its pure state, is readily acted

upon by various chemical re-agents. Most of the

stronger acids and the caustic alkalies dissolve itVbut

it will riot be necessary to enter into a detail 'of 'ffie

phenomena that occur with aiiy of these, exc^p^'witli

the sulphuric and the nitric acids. By diges{ing the

5 Chimie, t. iii. p. 759. Berzelius* however, aoei<<ft'Pl?^inlc tfhis

substance to be a distinct, proximate principle ; see^i^;gJiBH of
Animal Chera. p. 82. /

Phil. Trans, for 1 800, p. S()5. 7 Ann. Chim. t. Ivi. p. 43.
8 Thomson's Chcm. v. iv. p. 474.
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fibre with sulphuric acid, and then j:em<)yipg the acid

by carbonate of lime,,M. Braconnot converted it into

a peculiar kind of extractive matter, from which, by

means of alcohol, he procured a substance named
leucine, in consequence of its white colour ; this, by

the action of nitric acid, is converted into what is

called nitro-leucic acid.^ By the nitric acid fibrine is

p^VtjLy decomposed and partly dissolved, while a^ qiian-

tity of
,
g9,s is disengaged, consisting principally of

azote, united to about one-tenth of its bulk of carbonic

acid. The same kind of gases are produced by oth^

animal substances, when they are treated with nitric

acid, but the muscular fibre differs from most of them

in extricating a larger proportion of azote, indicating

that a greater quantity of this substance enters into

its composition. As this is the element which pre-

vails in animal bodies, and particularly distinguishes

their chemical composition from that of vegetables,

muscles are said l^o be^tjie^mpst completely auimalized

j)^r^ qf the body ;'^ an4 it^ is worthy of observation,

that in the same degree ^,as^;Jthe animal constitution

differs from the vegetable in its chemical constitution,

it acquires, at the same time, its most characteristic

physiological properties. It is generally understood

that the muscles of the animals with red blood,

which possess the greatest variety of functions, and

enjoy them in the most perfect state, contain more

azote than those of fish or reptiles ; and that in animals

iffrrr? \\.n\\. Chim. ct Pliysl wbtiils •)!>.> ail<8;?et^ll>

'
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of the^sWr§ff»^/H!lo^' -bf adult age contain more

azote than the same animal soon after birth. This is

one among several instances where it would appear

that the full development of the animal functions is

necessarily connected with a certain chemical consti-

tuti^ia ; hut although this appears to be a matter of

fact;^'w# ai*e ' not authorized to\^conclude, with some

modern physiologists, that the vital powers are the

necessary result of a peculiar chemical mixture,

onWhen the action of nitric acid upon the muscular

fibrfe is promoted by heat, the muscle is quickly dis-

solved 'iii* large quantity, the fluid assumes a deep

yelled colour, and acquires a degree of unctuosity,

while, at the same time, there is a rapid escape of

gaS, consisting principally of a mixture of azote and

carbonic acid, together with a quantity of nitrous gas.

After the acid has dissolved a considerable portion of

the fibre, globules of oil appeal tJiii the surface; these,

when the fluid cools, assume a concrete form, and are

found to be a substance of a peculiar nature, which,

from possessing properties intermediate between those

of fat and wax, has obtained the name of adipocire.

Portions of the oxalic and malic acids atre^l'sS^forraed,

^ftd> besides these several other substanfe^'Ii'e con-

tained in the fluid, and some, as it appears, of a

peculiar nature, generated by the action of the nitric

acid upon the muscular fibre.-'^*^^ 9*^*^

The substances which result from the mutual

action of nitric acid and fibrine, have been minutely

examined by Fourcroy and Vauquelin, and appear to

be both numerous and complicated in their rela-
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tions to each other. Besides the gases tlikf are

disengaged, and the oxalic and malic acids that are

left in the fluid, it would appear, that at least three

other new suhstances are produced; a peculiar fatty

or adipocirous substance, an acid, which from its

colour has been called the yellow acid, and^'d'^Stib-

stance nearly approaching to a resin in its prop'ei*ties,

which possesses an intensely bitter taste/ Professor

Berzelius, however, throws some doubt upon the nature

of these two latter substances, as distinct chemical

products, and seems more disposed to consider them

as beifig merely combinations of the nitric acid with

different portions of the muscular fibre.^ The sub-

ject indeed still remains in some degree of obscurity

;

yet it appears probable that a portion both of the

acid and of the fibre is decomposed, and that the

substances generated by the decomposition of the

fibre contain a larger proportion of hydrogen and

perhaps also of oxygen, with less azote and carboli,

than the muscle in its original state.

There are several reasons which lead to the opi-

nion, that the concrete fat or adipocire, which is

formed by the action of nitric acid upon muscular

fibre, differs in its constitution from the fibre itself,

in cdhsequence of the addition of oxygen and the

abstl^actiori of a(zdt6 and carbon. With respect to

the yellow substance, whicih appears to be the result

of some fiirther change in the composition of the

' Amu Cluni. v. Ivi. p. 37.

- Mcdico-Cliinivp:. Traus. v. iif.' p. ;i05.
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muscular .fibrie, we are not su^ckntly acquainted

with its nature, uor indeed have -we yet that exact

knowledge of its properties in its uncombined state,

for us to decide upon its composition, or the relation

which it bears to the adipocire or the entire fibre.

Analogy, however, would lead us to conjecture that

this jus a still further remove from the muscular fibre,

and that the abstraction of still more carbon, and

the addition of more oxygen, than what is sufficient

to convert muscular fibre into adipocire, would con-

vert adipocire into the yellow resin. But this is a

point which must be determined by future experi-

ment,, ,

There is a very peculiar change which the muscle

undergoes in its chemical composition, under certain

circumstances, which was, in the first instance, ef-

fected spontaneously, but which has been since imi-

tated by various artificial processes. There was an

immense burial-ground in Paris, called La Cimetiere

des Innocens, which, in consequence of some imr

provements that were going forwards, it was deter-

mined to remove. This place had been the receptacle

for a considerable part of the population of Paris for

several centuries. The number of burials \vas sup-

posed to be some thousands annually; the bodies

were deposited in pits or trenches about 30 feet deep,

each capable of holding from 1,200 to 1,500 bodies,

which were then covered with a few feet of earth, so

that the whole area, occupying about 7,000 square

yards, was converted into a mass, consisting princi-

pally of animal matter, rising several feet above the
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natural level of
,
l^hq spU. UpOTi opening t)ie ground

for the purpose of removing this prodigi9i^^.^pe41(]^]tipj|}

of dead .bodies, they were foundY,,.f,Ojf be entirely

altered in their nature and appearance. What h^jj

formerly composed the soft parts of the bo^y^,^^^^

converted into an unctuous substance, of a gr^i^

colour, and of a peculiar but not very off^iisj^ij^

odour. According to their position in the pits,
. ^;^^

the, length of time they had been deposited,
^

t^^

bodies had undergone this transformation in a more

or less perfect manner. The transformation was

found to be most complete in those bodies that w^ye

nearest the centre of the pits, and when they ha^

bpen burij^^j^^^^put three years ; and in thes^ iCas^^,

qyery part, .pxeept-.the bones,, jtjje hair, an^.^tjie.^?^^,

seamed to have lost all their specific properties, aiid

to have acquired those of , this peculiar substance.^.

We are indebted to Thouret* for an interesting

detail of the circumstances that attended this opening

(j^f
the burial-ground, and to Fourcroy for a chemical

^palysis of the peculiar substance into which the lt)p^^^s

jwere converted. By subjecting it to the action
,
of the

appropriate chemical re-agents, he found it tp, be^a

s^iponaceous compound, consisting of ammonia united

to adipocire, the same substance which is produced

by the action of nitric acid upon muscle. When

the adipocirfe was freed from the ammonia, and ob-

tftined in JWf^a?tfe:©fi piirityyifciw

. jrtoni bnfi ^o'^dh. i&Luoiium edi 'io aaxJiaqoiq oil '
'

3 .Scealqo Home in Phil. Trans, fofc 1813, p.-liP--

-t Journ. de Phys. t. xxxviii. p. 240<
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to resemldS sf^mMriloth in it^^h^sical and che-

mical characters/

•'^^fi^^i^as ' Afterwards found tliat this conversion of

' fleSh into adipocire might be produced by

oifier"^'^^8feans besides that of inhumation : mere im-

]Sfii^i(Si % fei^ii* W^ter, especially in a' 1sIo\f'Milhing

Hi^Sa^iS!*^C(ln!i'petes ' the operation mucli' morfe" spfeedily

tlian the spontaneous decomposition which was carried

^li in the burial-ground at Paris ; and the action of

diluted nitric acid is still more rapid ; but in this case

*W^ottfdli of the acid adheres to the adipocire, of

^jf^icli it is very difficult eiitirely to deprive it*^ On
'of its resemblance" ^to 'speftoac^ti it wa^ pro-

^fyosed to establish a manufacture of adipocire, from the

''iarcases of such animals as were not proper for food

;

and attempts- of this kind have been actually made,

bottPlii'this coiWfti^irid in Fraii^H WWBcM'Cases
^Iffib'iif buccess^ in ci6iifee(j[ueiiij^e, ' 'M it' ^i)pMfs,^^ 6i the

^difficulty of entirely removing frbiii" %he adipocire its

unpleasant smell and dingy colour. From observing

^'what takes place, when the conversion of muscle into

'adipocire is effected by means of diluted nitiic acid,

' W^ iiifajl^*c6Mude tha;t this substtee differs froin the

*'?|{fj(jular fibre, in eoiitainihg less' tki-boW'^SiiS' azote

and more hydrogen and oxygen, .(.uoqibx

I now come, in the third place, to give an account

of the properties of the muscular fibre, and these I

5 Ann.'Chim. t. iJi. p. 120^ t!/ v.'-p;-154 i'li viii. p/l?.
<5 See Gibbes, in PHil. Trans, for 1794; p. 169; and for 1795,

p. 239.
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natural contraction of Whytt ;
^ those actions which

Cullen, and many physiologists since his time, have

called tone, or tonicity, and which Bichat has classed

under the head of contractility from texture, in

which, after a part has been distended by any cause,

when the distending force is withdrawn, it gradually

recovers its natural form and dimensions. But this

point will be considered more fully hereafter.

But all these physical properties of muscle are

little worthy of our attention, compared to its vital

properties, or those which it possesses as forming a

part of a living organized body, giving rise to a class

of phenomena, which we consider as essentially con-

nected with life, and the cessation of which indicate

that its complete extinction has taken place. Of

these properties, by far the most important and in-

teresting, if not the only one, is that which has been

styled by many modern physiologists irritabihty, but

to which I have preferred giving the name of con-

tractility. It may be defined, that power which the

muscular fibre possesses of diminishing its length, or

of contracting and shortening itself. From a very

extensive range of facts and analogies we conclude

that this power is never exercised without the agency

of some direct independent cause, to which the name

of stimulant has been applied ; and we arrive at this

conclusion, not merely from the general principle,

that every effect in nature must have its appropriate

cause, or that every event is preceded by some other

I Essay on Vital and Invol. Motions, sect. 1 . § 3.
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event, which stands to it in the relation of a cause,

but from actually observing, that when we see mus-

cular contraction take place, and have an opportunity

of examining all the previous circumstances, we can

assign the exact event which has produced the con-

traction. It must, however, be admitted, on the

other hand, that the stimulants, or the causes of con-

traction, are as different as possible from each other

in their nature ; and in fact, as far as we can judge,

have not any single property in common, except that

now under consideration, of producing the contrac-

tion of the muscular fibre. fr^f r *

. Since the time of Haller, who had the merit of first

clearly comprehending the nature and extent of this

property, and strictly pointing out its effects, the term-

irritability has been generally applied to it.^ This

word was, I believe, first used in physiology by Glis-

sou, an ingenious English anatomist, who lived about

the end of the seventeenth century, and who enter--

tained some opinions on the subject of muscular

action, that were to a certain extent correct, and

were a considerable advance upon the knowledge of

his predecessors.^ Although I feel a great objection

to alter the language of science unnecessarily, yet, in

the present instance, a necessity for the proposed

change exists. In the first place, irritability is a tertn

employed both in physiology, in pathology, and in

^ Mem. sur la Nature Sens, et Irrit. des Parties du Corps.

Animal, mem. 1. sect. 2.

3 See particularly his treatise, " De Ventriculo," c. v. in Man-
get, Bibl. Anat. t. i. p. 80, ct seq.

VOL. I. M
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ethics, and in each of. these seienee^'iOtti^ft jtliffiBrent

sense. In physiology it simply designates a certain

faculty in the muscular fibre ; in pathology it signifiee

a peculiar condition of tlie vital powers, generally, aud

of their relation to external agents; and in ethics it:

expresses a certain state of the temper and feelings.

Then with respect to physiology alone, irritability/ isr

,

objectionable, because it was employed by Haller aud

his disciples to express a peculiar property, which i^i

necessarily connected with an hypothesis, not the

mere contractility of the muscular fibre, but the way.

in which the contraction is produced, or rather imply-

ing the nature of the cause as well as the effect ; and

although I am disposed to think that the hypothesi^f f<ff

Haller is correct, yet it is still but an hypothesis ; and

the influence of language over opinion is so great,

that it is always desirable to avoid those phrases which

:

may, even unconsciously, affect our judgment on

such topics. The term contractility has the advan-r

tage of simply expressing the fact, its use has be€»->

sanctioned by several eminent physiologists, and ^at

though it may be perverted or improperly applied, it

seems in itself to be unobjectionable.^ > to .rroit

In considering the subject of contractility, it will

4 Blumeribach uses it in a different sense, to express the

re-action of the cellular, texture, making it synonymous with
' ' '

. .
'

^ i .

his vis cellulosa. Some of the French physiologists employ it in

a more general way to express every motion oi any part ol the

body. Fournieir, Art. Cbntractilite," Diet, des Scien. Med. t. vi.

p^ 137, et seq., defines it to be the motion of which all parts of the

body are capable except the nerves.
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be proper to begin by giving an account of muscular

contraction, describing its phenomena and direct

effects, then those of the relaxation of the muscles,

and I ^hall afterwards make some remarks upon sti-

mulants, or the agents which act upon the fibre.

Relaxation is the natural state of the muscle, or that

condition which it affects, when not acted upon by

any external cause. Upon the application of a sti-

mulant its contraction commences ; its surface, which

was before smooth, now becomes furrowed and

wrinkled, its belly swells out and grows hard and

firm to the touch, while the ends approximate, and

thd ' whole muscle is rendered thicker and shorter.^

This is an account of the general effect of contrac-

tion, but many questions present themselves when we

minutely consider the operation. It has been a sub-

ject both of theory and experiment, whether the spe-

cific gravity of a muscle be increased during its con-

traction, or whether the fibres gain in thickness pre-

cisely what they lose in length-;'' an inquiry which,

as will be seen hereafter, is not a subject of mere

curiosity, but is connected with the theory of contrac-

tion, or the intimate nature of the operation by which

it'is*pK)duCed. rr,

Some experiments were performed by the older

anatomists, and especially by Glisson, which seemed
to prove that the muscle was altogether diminished
in bulk during contraction ; and experiments of a

similar kind have been more lately made by Sir G.

5 Haller, El. Phys, xi. 2.17 . 20. Ibid. ^ 22.

M 2
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Blanc and Sir A. Carlisle. Si;r G. Bl^uq, however,

was led from his results to conclude that the absolute

bulk of a muscle, and of course its specific gravity, is

not changed during contraction. He enclosed a living

eel in a glass vessel filled with water, the neck of

which was drawn out into a fine tube ; then by a wire

introduced into the vessel he irritated the taj} ojf,th^

animal so as to produce strong contraction, during

which he observed that the v/ater in the tube remained

stationary. He also compared the two sides of a fish,

one of which had been crimped, and thus brought

into a state of strong contraction, the other left in its

natural condition, and he states that he found their

specific gravity to be the same. On the contrary,

when he tried the effect of extension on a vegetable

substance, as caoutchouc, its specific gravity was di-

minished by being stretched out, but it recovered

its former density when it contracted.''

Sir A. Carlisle I tried an experiment upon a m^ii'^

arm, analogousf to that of Sir G. Blane on th&.l;^,|]f

the eel, but with a different result. The arm wafs

immersed in a jar of water, with which a barometrical

tube was connected, and when the muscles were made

to contract strongly, the level of the water was raised

in the tube, showing that the bulk of the muscles

was increased by cqntraction, while at the same time

he informs us that the speciiic gravity was 'Increased ;

and he states that the same change occurs in crimped

fish.^ Probably, however, experiments of this kind

7 Select Dissert, p. 239 .241. » Phil. Trans, for 1 805, p. 22, 23.
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do not admit of a very decisive result, because we

iiiay suppose tliat while one set of muscles is con-

tracted, ^another '^g'^t! IS H-elaxed, and that besides the

slinple effect of contraction, ' t&re m a displace-

meiit ' of parts, or some alteration in their arrange-

ment, which may affect the bulk of the limb, without

there being any absolute change in the density of the

muscular fibre itself.^

^*'^^*ft 'has likewise been a subject of controversy whe-

q[uantity of blood in muscles be diminished

during their contraction. Most of the earlier writers

supposed it to be the case, and this opinion was

adopted by the Boerhaavians,^ but it may be inferred

that they were influenced rather by hypothesis than

by actual observation ; for as it was the general

b^iMon that the muscles wfere reiidered smaller by

(iMtraction, it was concluded that a portion of their

blood must be squeezed out. We are indeed, as a

proof of this, told by Winslow,^ and some of the most

respectable anatomists of his age,* that the muscles

becoTAF pkler during contraction, a^5 again resume

theit c'olout when relaxed ; and this was ^particularly

stated to be the case with the heart of the frog, and

9 The experiments of Sir Everard Home, on the increased size

of. muscles during contraction, only prove that their, bulk is in-

creased in one direction ; Lect. on Comparative Anatomy,^ p. S3.

Mr. Herbert Mayo, by employing the heart of a dog, has obviated

the objections wliibK exist against the experiments of Sir G. Blane

and Sir A. Carlisle j he finds the bulk to remain precisely the same

during the states of contraction and relaxation ; Anat. Comment,

p. 12.

> Boerhaavc, Instit. § 401. * Anat. sect. 3. art. 1, § 48.

i
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that of the chick during incubation ; but, as Haller

remarks, this effect does not depend upon the blood

being expelled from the substance of the muscles of

the heart, but from the cavity of the ventricles, the

heart in these animals being so transparent as to

permit the colour of its contents to be perceived ex-

ternally.^ Tlie opinion that the blood is expelled has

been more lately adopted by Bichat, but his reasons

for it do not appear of much weight. He principally

insists upon the well-known fact, that during the

operation of drawing blood from the arm, the flow is

increased by contracting the muscles ;
'* but the addi-

tional quantity of blood that is expelled in this case

is not derived from the capillary vessels dispersed

through the fibres, but from the larger venous trunks,

which are pressed upon by the swelling out of the

bellies of the muscles.' Sir A. Carlisle also adopts

the same opinion, but rather upon general grounds,

than as derived from any decisive experiments ; he

only states, in a loose way, that the muscles become

pale during contraction,^ without alleging any proof

of the fact ; and it may be remarked, that if, as he

supposes, the absolute size of the muscle be increased

by contraction, it does not seem likely that the quan-

tity of blood in it will be diminished.

The nature of muscular contractility, or the rela-

tion which it bears to the other powers of matter, has

been a subject of long and learned discussion, yet

3 El. Phys. xi. 2. 21. " Aimt. Gen. t. ii. p. 378.

5 Phil. Trans, for 1805, p. 27.
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until very lately, jj^^^j^^j^ijl^tirely K^^si^derstood. Now,

indeed, that ,we^ a,T:^, bec^^ fkmiliar, with rthe concep-

tion of it, as a property of a specific nature, inherent

in the muscular fibre and peculiar to it, it seems

scarcely possible to conceive of any quality that pos-

sesses more distinct characters. Yet, although Glis-

son, Baglivi, and others, made some approaches to a

correct view of the subject, it remained involved in

much obscurity until the time of Haller. This great

physiologist, however, clearly pointed out its nature,

marked its specific differences, and announced it as

being exclusively attached to the muscular fibre ; and

what, perhaps, should be regarded as the most im-

portant of all his numerous discoveries, and the one

which had the greatest effect in promoting our know-

ledge of the animal oeconomy, he showed in what re-

spects the phenomena of muscular contractility differ

from those of nervous sensibility, and referred them

respectively to theu' appropriate causes.^. Even the

most learned and judicious of his immediate prede-

cessors or contemporaries, as Hoffmann, Boerhaave,and

rCullen, were not sufficiently aware of this distinction,

^nd perpetually confounded their effects.^ But what

is a still greater, and, as it now appears, a less pardon-

able error, they had not learned to distinguish between

contractility and elasticity : they referred many of the

6 El. Phys..:|ti. ^. 4, et seq.; Mem. sur les Part. Sens, et Irrit.

Op. Miri.' t. i.^p. iici!

7 Even the acute and accurate Bicliat has not clearly perceived

the distinction
J *an{l. to this cause may ba ascribed much of the

obscurity and intricacy which we occasionally find in his works.
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effects of the former to. ijje operatiojis ^ t|ie latter ;

and also endeavoured to account for them entirely

upon mechanical principles, such as are alone appJd-

cable to elastic bodies. Yet the difference between

these two powers is most obvious and essential.

Elasticity always depends upon simple re-action, and

is never the source of actual power ; it merely re-

stores^) in a contrary direction, the force which*J Ij^d

been impressed ; and even, when acting to the greatest

advantage, the effect which it produces can never be

greater than the amount of the cause, and the re-

action can never take place as long as the cause con-

tinues to be applied. Thus the force with which a

steel spring recoils, even supposing it to be a perfect

elastic, is only equal to that which is required to bend

it, and as long as the force remains appHed, it is im-

possible for the recoil to take place.
^

But in muscular contraction we observe a very dif-

fe^ept train of events. The mechanical effect is infi-

nitely greater than tlie mechanical cause producing it,

a;^!^^^jndeed bears no physical proportion to it, while at

thei(yery time that the cause is applied, and is acting

with all its force, the re-action commences and far sur-

passes the force of the agent.^ But what is still more

^iit3.e{fwfef%ji6afs''fk^li'ave bfeeriM^'bf tlfe^ first physiologists

wlib very clearly distinguished elasticity from contractility

;

'^^eatise on the Blood, p. 105^,106.
, ^ .

9 Fordyce, in Phil. Trans, for 1788,
J^.

25, obs^ves, that if the

inside of the heart be slightly scratched oy a heedle, it will con-

tract so strongly as to force \lic point of the needle into its

substance.
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decisive against the doctrine, that contractility is only

a modification of elasticity, is, that the most consider-

able eflPeets of muscular action are frequently produced

without any mechanical cause at all, where the agent

is of a kind which has no relation to any of the mere

physical properties of matter. No fact in the whole

range of natural phenomena occurs more frequently to

our observation, yet such is the devoted attachment

to theory which takes possession of the mind, and so

difficult is it to shake off established errors, that all

the mathematical physiologists attempted to explain

muscular contraction by the laws of mechanical im-

puWi ' We can scarcely review, without a feeling of

humiliation, the absurd hypotheses which were in-

vented by the most learned men of the age, and were

brought forwards, with all the aid of geometrical de-

monstration, and enforced by a string of problems,

theorems, corollaries, and lemmas. To all this learned

trifling it is sufficient to reply, that a mechanical

force, of an indefinite extent, is frequently produced

without the intervention of any mechanical cause

Wliatever, and must therefore be referred to a prin-

ciple of a totally different nature.

One of the most remarkable circumstances respect-

ing contractility is, that in all muscular action, how-

ever powerful the stimulant be that is applied, still

after some time the effect ceases, and the muscle be-

come relaxed.^ And this succession of alternation

after contraction occurs, even althoush the stimulus

' Cullen's Instit. § 108.
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continues to be applied. This wc perpetually observe

in all our experiments upon muscles, with either me-

chanical or chemical substances; it likewise takes

place in all the natural operations of the system, and

is to be observed, in a very remarkable degree, in the

muscles that are under the control of the will; In

performing [any voluntary action, where the mental

energy continues to be exercised with equal, or even

with greater power, although our very existence im-

mediately depended upon it, we find ourselves unable

to persevere in the action beyond a certain length of

time. The muscles that have been contracted be-

come, what is termed, exhausted,^ and a certain period

i« necessary to elapse before they are again capable of

being stimulated or excited into action. In a ma-

jority of instances we may observe a degree of cor-

respondence between the subsequent exhaustion and

the previous stimulation, but many causes interfere to

prevent these two circumstances from bearing an

exact ratio to each other.^

=» The term exhausted is here employed as the one in common

use, without any reference to the hypothesis from which it ori-

ginated, because a word did not occur which might convey a more

simple expression of the fact. On this subject the reader may pe<

ruse with advantage Dr. Park's remarks in the Quart. Joum. v. ii.

p. 228.

3 It may, I think, be questioned, whether exhaustion ever takes

place in cases of simple contractility, or whether it be not confined

to those in which the sensibility of the nerves has been called into

action. We are indebted to Dr. Wollaston for an interesting ob-

servation, which renders it probable that the state of exhaustion,

or rather the alternation of contraction and relaxation, is much
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The phenomena which attend upon the relaxation

of a muscle are precisely the reverse of those of its

contraction : the belly becomes soft, its swelling sub-

sides, and the wrinkles disappear from its surface

;

the force of contraction no longer existing, the ends

not being drawn together, recede, and the whole re-

sumes its natural state. Relaxation is generally con-

ceived to be merely a passive effect, and to consist

simply in the absence of contraction ; but when parts

have been displaced by contraction there is a necessity

for some absolute power to bring them back to their

former situation. This power is, in most cases, that

of the antagonist muscles. The muscular system is

so arranged that, in most parts of the body, one

muscle or set of muscles has another muscle or set of

muscles which act in precisely a contrary direction,

and is intended to produce precisely the opposite

effect ; one muscle draws a part to the right hand,

another to the left ; one muscle raises it, another de-

presses it; and when either muscle has been in action,

it generally happens that the opposing muscle then

acts and produces the contrary effect. Besides the

antagonist muscles, another counteracting force, which

is often useful in replacing parts, is elasticity. Muscles

more rapidly produced than is commonly supposed. He founds his

opinion upon a peculiar vibratory sound which is perceived w^hen

the finger is inserted into the ear with a moderate degree of force.

This acute philosopher conceives that, in this case, the voluntary

eflfort, although apparently continuous, " consists in reality of a

great number of contractions repeated at extremely short inter-

vals." Phil. Trans, for 1810, p. 2.
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arc frequently so (Situated that wheri'tee^^l^Bttfact

they move some elastic membranous body^'bt not un-

frequently a quantity of elastic membrainous matter

enters into their own composition, which, when the

fibres relax, re-acts and restores the part to its

natural position. Examples of this kind occur in the

muscles about the thorax and the larynx, #hei*e the

muscles are connected with cartilages, which arfe c6^m-

pressed or distended according to circumstances, and

which immediately re-act when the contraction ceases.

A third means by which muscles are replaced after

contraction m ?the - force of gravity : it not ' ^infre-

quently happens that thie action of a muscle has the

effect of raising up some part and sustaining it with-

out support, and of course, when the muscular con-

traction ceases, the part falls down by its own weight.

This frequently occurs in the motions of the extre-

mities. The hollow muscles and the muscular coats

are excited to coiiijaict 'iby some substance which dis-

tends their cavities ; ^^h^^ act ^^f contraction, by dis-

charging the distending substance, removes the fex-

citing cause, and relaxation naturally ensues.

But although relaxation has generally been con-

sidered as simply a passive state, in which the muscle

merely ceases to act, and where it is brought into its

ordinary condition by other agents, the contrary doc-

trine has been occasionally maintained ; and as it has

found a supporter in Bichat, it may be necessary to

notice it. He conceives th^t relaxation is in part at

least ail active; effect, and, that, it i.consists in some-

thing more than the mere cessation of contraction.
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He,,fjpi;n^,s»ihi^r^0pmi0ii? as it^ to me, upon

very insufficient groundSrrpfTa-easoning ; the only fact

which he adduces is, that if the heart be grasped

during its diastole, it may be felt to press with con-

siderable force upon the hand/ But this is too vague

an experiment on which to build an opinion of so

much consequence. The heart is a remarkably com-

plicated organ with regard to its mechanism, and as

we shall afterwards find, when we come to treat upon

its motions, there are many circumstances respecting

it which require to be taken into consideration.

J^j.hsufe already remarked upon the multifarious

nature! of stimulants, as they have been called^' those

agents which possess the specific power ^af exciting

t}j^ek muscular fibre to contraction. It has been as-

serted, and is indeed literally true, that eveiy body in

existence is a stimulant to the muscular fibre, because,

independently of any other quality>rithfe^ni®e contact

of a material substance produces this eflPect. Stimu-

lants have been arranged in various ways,^ but per-

haps the most convenient and comprehensive is into

the three heads of mechanical, chemical, and what

we may term vital. Mechanical impulse of all kinds,

beginning with the slightest touch that is capable of

being perceived, and proceeding to a degree of « vio-

rrf nortibiioj) i^iBmb.

4 Anat. Gen. t. ii. p. 468. ,^^0 ^^^j y,^jf

s See Smith, de Act. Mus. p. 32. Blumenbacli^^^^5^, ^ivides '

them Into chemical, mechanical, and mental; Sit G. Blane into

internal and exteWial, arranging' them according to the situation

where they are applied rather thari the mode of tHeii- action ; Select

Dis.s. p. 245.
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lence short of that which absolutely destroys the tex-

ture of the part, are of the first class ; a great variety

of chemical substances that have few properties in

common, as alcohol, acids, alkalies, metallic salts,

and many vegetable acrids, are of the second class

;

while in the third we may place those agents that

seem to operate immediately upon the vital powers

without producing any apparent physical change in

the part, as the electric fluid, and particularly that

modification of it which constitutes galvanism. In-

dependent of any external agents, the muscles are

thrown into the strongest contractions by a variety of

nervous affections which arise from internal causes,

and above all from the act of volition. By a process

which will probably always remain inexplicable, we

no sooner will the motion of any muscle than it obeys

the summons with promptness and accuracy.

It is a remarkable circumstance connected with the

effect of stimulants upon the muscular fibre, that

particular sets of fibrjes are specifically acted upon by

particular stimulants, and this without any difference

that we can discover in the fibre itself, or any thing

in the nature of the stimulant which could enable us

to predict the result. Thus certain substances taken

into the stomach produce the healthy action of this

organ^ and cause its fibres to exercise their vermicular

motion, so as in due time to propel its contents

into the intestines, while others instantly excite the

violent action of vomiting. Substances which have

passed through the stomach without producing any

particular effect upon its fibres, when they arrive at
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the intestines, throw these organs into strong con-

tractions^' iv/lii the same waytheiu'ine acts specifically

upon the bladder, certain sapid substances upon the

salivary glands, and in short there is scarcely one

among the muscular coats, or among the system of

muscular fibres, that contribute to the production of

the organic functions, which have not some specific or

characteristic property of this kind. In the proper

muscles, those which serve for motion, the effect of

stimulants is more uniform, and may, for the most

part, be referred to the ratio of quantity.

Concerning the specific nature of contractility, it is

most remarkable that it should be called into Action

by such a variety of agents, and I know of no me-

thod of explaining this singularity. The effect of

all the substances is, however, the same in kind ; or if

there should be found any diflPerence in this respect, it*

is in the proportionate degree of their intensity and

their duration, or their subsequent and secondary

operation on the system. This great variety in the

nature of the stimulating agents affords an additional

proof of the absolute impossibility of accounting for

muscular action upon any mechanical principles ; for

it not only seems to be equally affected by the two

great powers of mechanic impulse and chemical at-

traction, but by mere mental impressions, which, asj*

far as we can judge, have no resemblance to any of

the properties of matter.

Besides contractility, or the proper Hallerian irri-

tability, the muscular fibre has been supposed to pos-

sess another specific or peculiar quality, which has
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been called tone or tonicity. I have already remarked

that CuUen, as well as many of the modern physi-

ologists, have insisted upon this property of muscle

;

and it is a term which is very extensively employed

in pathology, but in this case apparently with little

precision, and probably without any decided meaning

being attached to the use of it. Physiologists have

attempted to describe it more accurately, and it has

been illustrated by the retraction which a muscle

exhibits when its fibres are divided transversely, or

by the drawing up of one side of the face when the

muscles of the other side have become paralyzed, and

by other similar occurrences. It seems, therefore, to

be a contraction which the muscular fibre exhibits

when not under the influence of any distending force,

which takes place without the intervention of any

external stimulant, is slow in its operation and limited

in its extent, and is not subject to the alternations of

relaxation.® Although, therefore, both its direct and

its ultimate eflPect be contraction, yet, in every re-

spect, it differs from the proper contractility which

has been described above, and I conceive has no con-

nexion with it. Such a power undoubtedly exists in

the muscles, but it is by no^ieans certain whether it

ought to be referred to the proper muscular fibres or

to the membranous matter to which they are attached.

There are many circumstances which seem to render

it probable that all the soft solids of the body are kept

in a state of moderate distention, and that when this

<5 Fordyce, in Phil. Trans, for 178S, p. 30, et seq.
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distention is removed, the parts slowly contract, but

in a manner which more resembles the re-action of

an elastic body than the contraction of the muscular

fibre, and I should therefore refer it either to the

elasticity of the membranous matter, or to that of

the muscular fibre itself, and not in any degree to its

proper contractility, to which it seems to have no

analogy. Haller accurately discriminates the power

of contraction, which the muscular fibres possess in

common with all other matter, and which he calls the

general contractile power or the dead force, from its

proper irritability, as differing both in its seat, its

mode of action, and its effects.'' This general con-

tractile power or dead force seems evidently to be the

operation of elasticity, and I conceive that there is

nothing in the phenomena that have been ascribed to

tonicity, which may not be referred to the same

power.

Among the different modifications of contractility

which are pointed out by Bichat, I regard that which

he styles contractility from structure in the same
point of view, as an effect of elasticity, whether re-

siding in the membrane or in the proper fibre, but as

having no relation to the Hallerian initability, of

which, indeed, he appears to be himself well aware.

I shall not at present follow this author through all

his complicated arrangement of the different species

of contractility, as the propriety of his divisions de-

pends very much upon his general views concerning the

7 El. Phys. xi. 2. 1 . . 3.

VOL. I. N
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nature of life, whicli will be better understood when

we are further advanced in our subject.

Besides the specific property of irritability, many
physiologists ascribe to the muscular fibre a degree of

sensation, and even Haller himself, to whom so much
merit is due for the sagacity with which he has dis-

criminated between the powers of the muscles and the

nerves, employs expressions from which it might be

conceived that he considers the vis iiervea as an actual

property of the muscular fibre itself, as well as its irri-

tability, or vis incifa, as he styles it.® The vis nervea

of Haller is that power in the muscular fibre which

enables it to receive impressions conveyed to it by the

nerves ; but this supposed vis nervea ought not to be

regarded as a function of its contractility, for in fact it

is nothing more than the power which the fibre pos-

sesses of receiving the impressions that are made upon

it, so as to cause it to contract, the impressions that

are conveyed to it by the nerves being only one among

the other stimulants which produce its contractions.

Bichat supposes that the muscular fibre possesses

proper and inherent sensibility, but the muscular sen-

sibility differs from the vis nervea of Haller, as Bichat

ascribes to muscles an actual degree of feeling which

does not seem to differ essentially from the sensibility

residing in the nerves. The doctrine which was so

warmly contended for by the antagonists of Haller,

and which may, perhaps, be regarded as the most

popular at the present time, is in its essence precisely

El. Phys, xi. 2. 15.
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the reverse of this opinion, although they are fre-

quently confounded together. According to the neu-

rologists, as they have been termed, where a stir-

mulant acts upon a muscular part, the immediate

action is not upon the fibre itself, but always, in the

first instance, upon the nervous filaments connected

with it ; but the further discussion of this question,

as well as the nature of sensibility itself, and the dis-

tinction between this power and contractility, must be

referred to the chapter on the nervous system.

I must remark in this place, although the subject

will be more fully considered hereafter, that muscular

contractility is much influenced by many of those

faculties or functions which seem to be intermediate

between the corporeal and mental parts of our frame,

Thus the power of volition is exercised most con-

spicuously in every thing which is connected with

muscular contractility, and indeed is the grand

theatre on which its effects are manifested. The
operations of habit and of sympathy are also suffi-

ciently obvious, but in these cases it is doubtful how

far the effects are the result of the immediate action

of the muscular fibre itself, independently of the iur

tervention of the nervous influence.

§ 4. Use of Muscles.

Having given an account of the form and structure

of muscles, of their chemical composition and their

properties, I now proceed to consider their uses. The
general use of the muscles is sufficiently obvious

; they

N 2
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are the great organs of motion, both of that by which

the body is moved from place to place, constituting

loco-motion ; that by which each of its separate parts

is moved, when we act upon the contiguous bodies in

our intercourse with the external world ; and that by

which many of the various minute actions are per-

formed, which are essential to the exercise of the vital

functions. In short, muscular motion seems to be con-

cerned in almost every operation that is produced,

either by the system at large or by its individual parts.

All these effects are brought about by the simple act

of contraction, or that by which the fibres shorten

themselves, and by approximating the ends of the

muscles, draw together the parts to which the ends

are attached. Nor is the operation of the muscular

coats less important than that of the proper muscles,

although it is less obvious to the eye. Here the

fibres, not being collected together into large masses,

which act simultaneously, the result of their contrac-

tion is not the movement of any particular part, but

they act, as it were, fibre by fibre, producing in the

organ to which they are attached a peculiar kind of

undulatory, or, as it has been termed, vermicular mo-

tion, from its resemblance to the crawling of the

worm, which serves to keep their contents in a state

of perpetual agitation, to mix them intimately to-

gether, and ultimately to produce their expulsion.

The particular operation of the muscular coats will

be more fully explained when we come to that part

of our subject which treats of those functions that

depend immediately upon their action ; but before we
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quit this subject it will be necessary to inquire into a

point, which has often been discussed, whether all the

spontaneous motions that are observed in the body

are to be referred to contractility, under one or other

of its species.? - We know that both elasticity and

gravity are the cause of motion in the body, but they

are sujSiciently distinct from contractility ; the ques-

tion is, therefore, whether motions which do not ap-

pear to depend upon any of the usual physical powers

of matter are all to be referred to contractility ? The

difficulty which exists in this case is, that there are

certain very obvious motions of particular parts, where

no muscular fibres have been detected, and yet where

the quantity of motion and the size of the part is so

considerable, that we might have supposed that the

fibre would have possessed a sensible magnitude.

One of the most remarkable examples of this kind,

and what has generally been adduced as that by which

the controversy must be ultimately decided, is the

Iris. In this part, which is not very minute, and
in which the motions are very rapid and considerably

extensive, no muscular fibres have been detected ; for

although many eminent anatomists and physiologists

have, at different times, announced their existence,

the latest and best observations appear to decide in

the negative. How, therefore, is the iris moved?
There is nothing in its action analogous to elasticity,

and nothing which can arise from the force of gravity.

Blumenbach has attempted to solve this difficulty by
saying that the iris and some other parts, which are

111 the same predicament, possess a peculiar power,
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which he calls their vita propria, and that this is the

cause of their contraction.^ But wheii we come to

consider this hypothesis, it will appear to be merely

a form of speech which throws no light upon the

phenomena or upon their cause, and does not tend to

generalize analogous facts, but which forms a part of

that system of obscure causes, which is too often had

recourse to by physiologists, when they are at a loss

for a rational explanation. Nothing, however, can

be more injurious to the progress of science than this

method of substituting new words for new ideas, and

of advancing hypotheses which, when we come to

examine into their real foundation, must be regarded

as merely verbal. I have no hesitation in confessing

that there are many parts of physiology which are yet

unexplained, and the motions of the iris I conceive

to be one of these. ^ Upon the whole, however, when

we perceive any motions which seem, in all respects,

9 Inst. Phys. § 42 and 273.

I Since the above was written the question respecting the mus-

cular fibres of the iris is decided in the affirmative by the micro-

scopical observations of the accurate and indefatigable Mr. Bauer

;

Phil. Trans, for 1822, p. 78. See also the still later observations

of Mr. Jacob, Med. Chir. Trans, v. xii. p. 514. I may remark

that his exquisitely beautiful engravings do not appear on all

points quite to correspond with the magnified figures of Mr.

Bauer. Berzelius also informs us that the iris has all the chemical

characters of muscle ; View of Animal Chemistry, p. 86. Another

consideration which might be alone sufficient to prove the mus-

cularity of the iris, is deduced from the fact, that in certain indi-

viduals the motion of this part is under the control of the will

;

we are informed by Dr. Rogct that this is the case with his eye

;

Travers's Synopsis of the Diseases of the Eye, p. 72.
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to agree with those which are the evident result of

muscular contraction, it may not be unreasonable to

conjecture that they depend upon the same cause,

even although we are not able to detect the apparatus

by which they are produced.

§ 5. Mechanism of Muscles.

In con^dering the mechanism of muscles, we must

bear in mind that their action consists essentially in

the approximation of their extremities, in consequence

of the shortening of their fibres, and that the imme-

diate effect of this is to move any body to which the

ends are attached. It, however, generally happens

that one of the ends is connected with some fixed

point, while the other is much more moveable, and of

course the bone or other solid body which is attached

to it is moved in the same manner. In order to pro-

mote the symmetry of form and the facility of mo-

tion, we find that, in many cases, the flesh of the

muscle itself is not inserted into the body which is to

be moved, one or both of the ends terminating in

membrane, which, according to the situation or use

of the part, is either condensed into a strong cord,

constituting a tendon, or spread out into a mem-
branous expansion.

Although a very slight knowledge of the structure

iand functions of the body would render it obvious

that the muscles are the great instruments of its

motions, yet no accurate conception of the mode in

which they operate seems to have been entertained
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before the publication of Borelli's celebrated work on
animal motion.^ This writer very ingeniously re-

ferred the action of the muscles upon the bones and
solid parts, to the effect of a mechanical power acting

upon a lever. He reduced his doctrine to a mathe-
matical form, pursued his idea through all the organs

of the body, and clearly explained the mode in which

every individual action is produced, in a most elabo-

rate and minute detail.^ Winslow may also be men-
tioned as among the first of those who presented a

clear and correct idea of the subject, which, although

posterior to that of Borelli, may, in some respects,

be considered as deserving of even more commend-

ation, because it has the merit of not being clogged

with any fanciful hypothesis, which is unfortunately

the case with that of the former writer.

The fixed points of the body, from which motion

commences, or against which the muscles re-act when

they begin their contractions, are generally the bones,

and the motions are performed by the intervention of

joints. Considering the bones, therefore, as being

acted upon by the muscles after the manner of levers,

the part where the muscle or tendon is inserted into

the bone will represent the power, the joint the fiil-

» De Motu Animalium.

3 Although Borelli has been generally supposed to have esta-

blished his theory of the mechanism of muscular motion, it may

be proper to remark that it has been caUed in question by Barthez

;

See Art. " Barthez" in Suppl. to Encyc. Brit. ; also Joum. de

Phys. t. xlvii. p. 271.
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crum, and the part that is moved constitutes the

weight. Writers on mechanics have divided levers

into three kinds, according to the relative position of

their three essential parts ; the weight, the power,

and the fulcrum. Those of the first kind have the

fulcrum in the .centre ; in those of the second kind

the weight is in the centre ; while in the third the

power is in the centre ; the bones are of this last de-

scription, in which the power is placed between the

fulcrum and the weight. The motion of the fore-arm

may be taken as an example of the effect of muscular

contraction and the manner in which it is produced.

When we wish to raise a weight by bending the

elbow joint, it is effected by muscles situated below

the shoulder, which have tendons inserted into the

top of the bone of the fore-arm near the elbow.* Let

AB represent the fore-arm, BD the shoulder-bone.

C E
k - 1o

P the muscle, E the tendon, C the insertion of the

tendon into the fore-arm, and B the elbow-joint.

The contraction of the muscle tends to approach C to

D, which, as D is a fixed point, is effected by bend-

ing the joint B, raising up the point C, and conse-

quently any weight G which may be attached to it.

The consideration of the manner in which the muscle
acts in this case, proves that the mechanism of the

* Winslow, sect. 3. art. 5; and Mem. Acad, pour 1720.
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animal body is calculated to produce a great loss of

absolute power. It is an established position in me-

chanics, that in the action of levers, the power is to

the weight as the distance between the weight and

the fulcrum is to the distance between the power and

the fulcrum. In the present case, therefore, the

power of the muscle is to the effect produced by it as

A B is to C B ; and supposing C B to be one-twen-

tieth of the length of A B, one-twentieth only of the

power of the muscle is exerted in raising the weight,

the rest is expended in acting against the disadvantage

of the position. We shall, however, find it to be a

general fact, or, as it is termed, a law of the animal

oeconomy, that muscular power is always sacrificed to

convenience. Had the object been to raise the weight

with the least possible power, the muscle would have

been placed on the fore-arm, and the tendon inserted

into the lower part of the shoulder-bone, but in this

case the awkwardness of the limb would have much

more than counterbalanced the sujiposed advantage of,

the saving of muscular power. The remark applies

with still greater force to the fingers. At present

they are moved by the contraction of muscles placed

on the fore-arm, and are connected to them by long

delicate tendons which pass over the wrist and hand.

But if this order had been reversed, and the flesh of

the muscle had been placed on the fingers, the hand

would have been almost useless from its clumsy form.

Another important advantage which arises from

the present construction of the muscles, as consisting
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of levers, where the power is situated near the fulcrum

is, that we acquire a great degree of velocity. Let

W P F represent the bone of the fore-arm, in which

W is the weight, P the power, and F the fulcrum.

Let us suppose that the elbow-joint is moved so as to

bring the fore-arm into the position A B F. From

the centre F draw the arcs AW and BP, and it

will appear, that while the power is passing through

the small arc B P, the weight is describing the large

arc AW. Now the arcs are to each other as the radii

W F and P F, and the arcs are passed over in the

same time, the velocities will therefore be as the lines

WF and PF, or in this case as 20 to 1. Paley ju-

diciously remarks that there are many more cases in

which it is useful to raise a small weight rapidly than

a large one slowly.^

Besides the loss of power which is occasioned by

the nature of the lever, in consequence of the power

being applied nearer the fulcrum than the weight

;

there are other circumstances in the construction of

muscles which produce the same effect, by which there

is a very considerable expenditure of absolute power

;

but in this, as in the former case, this loss of power

is always attended with some very obvious advantage.

^ Natural Theology, p. 141.
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Most of the muscular fibres are so placed as to act

obliquely, and it is well known that by this arrange-

ment a quantity of power is lost, in proportion to the

degree in which the direction of the fibres differs

from that of the moving body. But what we in this

case lose in power we gain in the saving of the quan-

tity of contraction. Let A and C be two fixed points,

and let B be some moveable point, which is to be

brought down to D. If it were done by a straight

line, passing in a perpendicular direction BC, it

would be necessary that the fibre should contract

equal to half its length, supposing B D to be equal

to D C ; whereas the same effect will be brought

about by the oblique line AB, contracting through

the space E B only, which is evidently a less propor-

tion of its length, E B being less than A F by E F.

It is obvious that the antagonist muscles will be less

stretched, that there will be a less displacement of

parts, a less degree of pressure upon the vessels an^

nerves, and that less distention and straining of the

membranous matter will ensue, the smaller is the

degree of contraction of the fibres, and the less alter-

ation the muscle consequently experiences in its

general form. In pursuance of the same principle
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we may remark that the extent of action in a muscle

is necessarily in proportion to the length of the fibre,

for it is obvious that a long fibre will have to dimi-

nish ih a less proportion than a shorter one to produce

the same degree of absolute contraction.^

A third source of loss of power depends upon the

situation of the muscles with respect to each other,

an action being seldom performed without the con-

currence of two or more muscles to the same effect.

In this case, not only the fibres must act in an oblique

direction, but the action of each of the muscles must,

in some measure, oppose each other. Here is a loss

of power from what is styled by mechanicians the

composition of forces, but, as in all the former in-

stances, the present construction is attended with

many important advantages. When two or more

muscles act upon the same point, the effect will be to

draw the body in the diagonal ; and we consequently

have it in our power to alter the direction of the mo-

tion with great ease and accuracy, by throwing, at

pleasure, a little more or less energy into one or other

of the muscles, and drawing the body into any of the

intermediate positions. Thus a great variety of mo^.

tions may be produced by two muscles only, and the

body is less liable to feel fatigued in any one part by

the exertion being, as it were, diffused through
, g,

larger space, and .a less quantity of it being required t

at each single point.

A fourth circumstance connected with the mecha-

^ Winslow's Anat. sect. 3, art. 1, § 54.



190 From other Causes.

nical construction of muscles, which proves a source

of the loss of power is, that the tendon is generally

inserted into the bone at an acute angle, whereas, in

order that the power should have operated to the most

advantage, it ought to have acted upon the lever in

a perpendicular direction. Upon the same principle,

power is also lost by having the muscular fibres in-

serted obliquely into the tendons ; but although

power is thus sacrificed, it is obvious that the present

arrangement is much more commodious ; and indeed,

in many cases, it would have been impossible for the

muscles to have acted pei*pendicularly upon the bones,

or to have been differently inserted into the tendons

without a total change in the form and arrangement

of all the body.

A fifth cause by which muscular power is lost arises

from the circumstance of the two ends of the muscle

pulling against each other. This is obviously the

case where both ends are moveable, and where one

end is fixed, as much force is expended on this as on

the moveable extremity, and before this latter can pro-

duce any effect, it must counteract the resistance of-

fered by the former, and in this case exactly half its

mechanical power is lost before the motion commences.

Besides what have been mentioned, physiologists have

pointed out other circumstances which, in like man-

ner, cause a loss of absolute power, but where this

loss either necessarily arises from the nature of mus-

cular contraction, is essentially connected with the

form of the body, or is compensated by some obvious

advantage.
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Amidst so many examples, where muscular power is

expended for the purpose of producing some important

benefit to the system, there are a few instances of a

contrary kind, where the parts are evidently formed for

the purpose of assisting muscular actioji. The heads

of the bones into which the tendons are inserted, not

unfrequently swell out into a rounded projection, by

which means the muscles act upon the bone at a less

oblique angle, and this we observe to take place more

particularly in those cases where the greatest exertion

of muscular power is required, as in the muscles of

the trunk and the lower extremities. For the same

purpose some bones are provided with processes of

considerable length, which seem to be solely intended

for the insertion of muscles, and the same appears to

be the principal object of the small detached bones,

which are occasionally found near the joints, as the

patella and the sesamoid bones. These, however, can

only be regarded as exceptions to the general rule,

and in all cases we perceive the operation of the prin-

ciple which was stated above, that the quantity of

power employed appears to have been no object in the

construction of the body, but that it is always sacri-

ficed, without any reserve, either to general conveni-

ence, to the symmetry of the form, to the gaining of

velocity,* -or to the saving of the extent of contraction.

The advantages which arise from the velocity of our

movements, from the facility with which we can alter

their direction, and from the connexion of the mus-

cles to the moving points, by means of tendons, which,

like ropes, serve to convey the force from the point
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where it is actually generated, to the part where it is

wanted to be employed, are so obvious as to require

no further illustration. It is not, however, so evident

what is the advantage to be gained by the saving of

contraction
; ygt so much attention appears to have

been bestowed upon this point, that we must suppose

there to have been some urgent reason for it. As the

intimate nature of muscular contraction is itself

unknown, it is scarcely to be expected that we should

be able to give a satisfactory solution of this diffi-

culty; for it does not obviously depend, like the

former circumstances, upon any general principles of

mechanics, but upon something specific in the nature

of muscular contraction. I shall, however, hazard a

conjecture upon the subject, after premising that it is

merely to be regarded as such, and must therefore be

maintained no longer than it appears to be counte-

nanced by the phenomena, or serves satisfactorily to

explain them, without violating any established prin-

ciple or well-ascertained facts.

The only conception that we can form of the con-

traction of the muscular fibre is, that it consists in

the approximation of the individual parts of which it

consists, whether it be of the whole fibre, or of some

of its constituents, which give it its specific properties.

This attraction does not seem to bear any resem-

blance to the attraction of gravity, or to that of che-

mical affinity, the one operating upon large masses of

matter, the other upon the separate particles of which

they are composed. The contraction of the fibre ap-

pears to differ from them both in its causes and in its
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phenomena, and we may therefore suppose that it is

essentially different in its general laws and modes of

action. The force of the attraction of gravitation

increases as the distances decrease, and this is pro-

bably the case with chemical attraction, but it would

appear that the attraction of contractility has not this

property, or at least that this property, if it exist,

is counteracted by other circumstances. Of these

circumstances one is sufficiently obvious, the re-action

of the membranous matter attached to the muscular

fibre. Whether this be the only cause, or whether

there be others that operate, whether the attraction

between the particles of the muscular fibre increase

with the decrease of distance, whether it be the same

at all distances, or whether it may not even decrease

in the direct ratio of the distances, are questions that

it is entirely beyond our power to answer. But this

is certain, that as the particles approximate, the

membranous matter will be compressed or bent out of

its ordinary situation, and that this compression will

increase as the distances diminish ; that, therefore, as

the degree of contraction increases, a greater force will

be required to continue it, and still more to go on

augmenting it.

As an illustration of the nature of the process, we
may conceive of two bodies differently electrified so

placed, tliat when they act upon ea(ji other they may
compress a spiral spring. Let them be brought

within the sphere of their mutual attraction, we may
suppose that a certain quantity of electricity will be>

necessary to cause them to commence their approach

you I, Q
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to each other, and that as they advance, and the me-
chanical resistance of the spring becomes greater, they

are unable to proceed without a new accession of

electric fluid, and the nearer they approach tlie greater

quantity will be requisite. This supposition or con-

jecture would reduce the effects of muscular contrac-

tility to an attraction between the individual particles

of the fibres, which is counteracted by the elasticity

of the membranous matter that is connected with

them. Whether this attraction, like that of gravity,

increases as the distances decrease, and is covmter-

acted in its operation merely by the elastic nature of

the membrane, is a point upon which I do not pre-

tend to offer any opinion. We can only say that the

membrane must be compressed, and in proportion to

the increase of compression so will be the necessity

for an increase of power to continue the contraction.

In speaking of the animal fabric we are obliged to

employ terms derived from the w^orkmanship of other

bodies. We therefore speak of the sacrifice of power

and of its expenditure, as we should do in a machine

of any description, where the object of the engineer

is to oeconomize labour. But no idea of this kind

ought to attach to our conception of the human body,

where a certain construction of parts was adopted, as

being the most useful for all the purposes of life, and

those powers are assigned to it which are necessary

for preserving it in its proper condition. Muscular

contractility is one of these powers, and of course the

proper quantity was given for the due performance of

the functions that depend upon it.
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Having given an account of the mechanism of

muscles and the nature of their operation, it remains

for me to make some remarks upon the force, the

velocity, and the extent of this power. From the

observations that have been made above, upon the

quantity of force that is expended in order to pro-

duce a certain effect, we may conclude that the abso-

lute force of muscular contraction, the power which

the fibres actually exert, is exceedingly great. The

mechanical physiologists, and especially Borelli,

attempted to estimate the degree of this force, and

although we cannot place implicit confidence in their

estimates, as they proceed, in some measure, upon

•hypothetical and erroneous principles, yet we may
allow that they are sufficiently correct to assure us

that it exceeds very much any idea that we should

have previously formed respecting it. According to

his estimate the flexor muscles of the thumb possess

a power equal to nearly 4,000 lbs. which may be

considered as at least 100 times greater than the

actual power which they are capable of exercising.^

There are many cases in which the velocity of

•muscular contraction is no less remarkable than its

force. As an example of this the muscles connected

with the organs of speech are often adduced, where,

in rapid enunciation, the number of distinct contrac-

tions that take place, in order to form certain combi-

7 Prop. 126; the estimate of BoreDi is, however, conceived by
Pcmberton to be considerably exaggerated ; see Introduction to

Cowper's Myotomia Reformata.

0 2
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nations of vocal sounds, is very great, each word, or

rather each syllahle, requiring several different con-

tractions, wliich must succeed each other in rapid

succession, with proper intervals between them. The
motions of the muscles connected with the fingers,

in playing upon musical instruments, is no less re-

markable, for here the contractions are generally

greater in extent, and therefore must proceed with

proportionably more velocity, although they do not

succeed each other so rapidly as those of the vocal

organs.

The extent of muscular contraction, or the degree

in which any particular muscle is capable of shorten-

ing itself, has not been very accurately ascertained.

In the proper muscles it has been thought that the

fibres never diminish to more than one-third of their

natural length, and even this must be considered as

a remarkable case. In the muscular coats indeed the

contraction of the whole substance is much greater,

but then it is not ascertained what portion of it

belongs to the proper fibre and what to the mem-

brane. It has been remarked that some of the lower

tribes of animals, as the polypi and the actinias,

appear to contract their limbs to a much greater de-

gree, and there is every reason from analogy to be-

lieve that they are provided with organs for the

purpose of motion, which may be considered as mus-

cular ; but scarcely enougli is known conceming their

nature to enable us to employ them as the basis of

any calculation that we may form upon the subject.
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§ 6. Hypotheses of muscular Contraction,

After this account of the structure of the muscu-

lar fibre, of its chemical nature, its properties, uses,

and mechanism, I come, in the last place, to consi-

der the hypotheses that have been invented to

explain its action. Two distinct questions here

present themselves; first, What is the efficient

cause of the contraction of the fibre, or by what

physical cause is it produced ? and secondly, What

is the cause of contractility, or of that property of

the fibre which produces contraction ? These ques-

tions have generally been confounded together, o;r

have been considered as involving only one subject of

inquiry, and yet I apprehend they are clearly dis-

tinct, and that we may conceive it possible to afford

a satisfactory answer to one of them, without our

being able to solve the other. We may perhaps dis-

cover something in the mechanical construction of

the fibre, in the arrangement of its particles, or in

the mode in which its constituents are connected to

eacli other, which may explain to us the reason of

their alternate contraction and relaxation, upon the

application of the appropriate exciting cause ; or, on

the contrary, without being able to accomplish this

object, we may perceive the correspondence between

the operation of some external circumstance and the

action of contractility, which will warrant us in re-

garding this as the cause of the effect. Both tlie

above questions are highly interesting, but they are

unfortunately both of them of very difficult solution.
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With respect to the efficient cause of muscular con-

traction, it may be remarked generally, that every

attempt to account for it on the principles of mere
mechanics must be obviously abortive, because in the

operation of the muscles yiq have an actual genera-

tion of power. In the best contrived maclimery we
liave only the existing power applied in a new direc-

tion, better adapted for some particular object ; but

power is never actually generated. In those engines

which act from the mere force of gravity, what we
gain in power we lose in velocity, or the reverse;

and when from the re-action of an elastic body, as from

the recoihng of a spring, there seems to be a real

production of power, the effect thus apparently pro-

duced is no greater than was originally employed in

compressing it, and its effect is necessarily limited to

a short period, for when this power is expended all

motion ceases. On this account it will be unnecessary

for us to enter into any detail of those hypotheses

which attribute muscular contraction to any mechani-

cal construction of the fibre ; as that of Borelli, who

supposed that it consisted of a series of rhomboidal

vesicles, which were in some way made to expand

when the muscle contracted, and to collapse when it

was relaxed, an hypothesis which he laboured with

much care and supported by a long train of matlic-

matical reasoning. Or the hypothesis of Steuart,

which is framed with a great appearance of learning

and geometrical precision, and which supposes that

the muscular fibre is composed of a string of vesicles

formed of the substance of the nerves, which during
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muscular action are inflated by the ingress of the

nervous fluid. But it is sufficient to remark con-

cerning them, that the whole rests upon a supposition

which is not countenanced by a single direct fact, and

that should we admit the vascular form of the fibre, we

are still as much at a loss as at first to know in what

manner it becomes distended, and shall have to call

in some new agent to perform this part of the opera-

tion. Nor shall we find a better explanation of the

efficient cause of muscular contraction by having

recourse to any chemical operation, such as the pro-

duction of a gaseous body, which was a favourite

notion with the physiologists of the seventeenth cen-

tury, who supposed that there was an effervescence

excited in the muscle. This effervescence was attri-

buted to various causes ;
by some to the mixture of

an acid and an alkali, which were imagined to be

brought together in some mysterious manner, while

others, and those among the most learned and inge-

nious men of the age, such as Willis, Bellini,

Mayow, and Keill, ascribed it to a fermentation

or effervescence, excited by a union of the particles

of the muscular fibre with the nervous fluid, or with

some etherial spirit contained in the blood. When
electrical phenomena began to be attended to, it was

supposed that the fibres of the muscle might be dis-

posed in such a manner as to form a kind of battery,

which should produce contraction by its explosions ;

and after the discovery of galvanism, an elaborate

attempt was made by Valli of Pisa, to account for

muscular action by supposing that the muscles con-
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fiistecl of an arrangement of parts analogous to that

of the elements of the galvanic pile.^ It will be

quite unnecessary to enter upon any formal examina-

tion of these hypotheses, which are now completely

discarded ; it is sufficient to observe concerning them

that they are not supported by any foundation of

facts, that they have scarcely any analogies in their

favour, in short, that they were purely gratuitous,

and could never have been tolerated, had not the

mind been disposed to listen to any thing which pro-

mised to throw the smallest ray of light upon a sub-

ject that was involved in so much obscurity.

There is, however, one hypothesis which it may

be proper to notice, not from its intrinsic excellence,

or from its giving us any real insight into the nature

of muscular contraction, but as affording a curious fact

in the history of science, and one which it may be

useful to relate, in order to impress upon our minds

the danger which even the most learned men incur,

when they permit themselves to confound a train of

reasoning with a deduction of facts. I refer to the

theory which was formed by Keill to explain the na-

ture of muscular contraction. Keill was a man of

considerable talents, a profound mathematician, and

a zealous cultivator of the various departments of

medicine and physiology. In forming his theory he

set out by adopting the notion of Boreili, that the

8 Experiments on Animal Electricity, with their Application to

Physiology, by E. Valli; See Brit. Crit. for Mar. 1794. Jour,

de Phys. t. xli. contains several letters of Valli on the subject.
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muscular fibre consists of rhomboidal vesicles, re-

sembliug a string of bladders, which communicate

with each other. When these vesicles are inflated,

provided at the same time that their substance be

not actually distended, it is obvious that the total

length of the fibre will be diminished, and hence

that the whole muscle will be shortened. Now the

blood and the animal spirits were made the agents to

produce this distention, and in proof of this idea it

was stated, that upon the tying up of the artery and

nerve that lead to a muscle, the part loses its power

of contraction. But this inflation may be accom-

plished in two ways, either by a greater quantity of

blood and animal spirits being sent into the vesicles,

or by the quantity previously in them being rarified

and thus made to occupy a greater space ; and after

deliberately considering both these points, and weigh-

ing their respective probabilities with much acuteness

and ingenuity, a decision is made in favour of the

latter supposition. Nor is there less ingenuity dis-

played in the mode in which this rarefaction is sup-

posed to be brought about. It is stated that the

blood contains a great quantity of air mechanically

mixed with its fluid particles, which by various

means may be separated from it, and caused to as-

sume the elastic state. In some way, which does

not indeed seem to be very thoroughly explained,

this air gets into the vesicles, and is kept there in a

state of compression, the elasticity of the air being

balanced exactly by the strength of the vesicles. If

however we could suppose any other substance to
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enter the vesicles, which might cause the particles of

the air to acquire a great increase of their elas-

ticity, the vesicles must become distended, and this

effect is conceived to be brought about by a quantity

of the nervous fluid coming into contact with the

air. When these two bodies are mixed together, a

sudden increase of bulk is the consequence, the vesi-

cles are quickly distended, and the muscle projior-

tionably shortened.

Having thus explained the manner in which mus-

cular contraction is produced, which, as the author

triumphantly observes, is accomplished without hav-

ing recourse to any chemical hypothesis of fermenta-

tion, effervescence, or precipitation, we are next to

explain how these minute vesicles can, by their action,

produce such prodigiously great effects. And here

we have a long and very abstruse train of mathema-

tical reasoning, founded upon the principle, that if a

bladder by its inflation will raise a certain weight, by

dividing the bladder into a number of smaller ones

connected together, we diminish the capacity of the

cavity without diminishing the extent of its contrac-

tion, so that the same bulk of gas will raise a much

greater weight than if it had been all contained in one

bladder. Proceeding upon this principle, we may di-

minish the size of the bladders and increase their num-

ber to an indefinite extent, and thus, with only a given

quantity of gas, we may produce an unlimited effect.

Thus if a bladder of a certain size will cause a muscle

to shorten itself to the extent of an inch, if the

bladder be divided into 100 parts, and these be dis-
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posed in a straight line, the contraction will still be

equal to an inch, but the quantity of actual inflation

and the force required to produce it, will be 1 0,000

times less than when the single bladder is employed.^

It is not a little curious to observe how much acute-

ness is displayed in constructing the several parts of

this hypothesis, what advantage is taken of the

various circumstances that appear to favour it, and

how the supposed objections that might be urged-

against it are repelled ; yet I need not say that the

whole fabric is destitute of the slightest foundation^

that it all rests upon a set of gratuitous positions,

that have not the least ground of probability for their

support, and that, on this account, all the ingenuity

manifested in the finishing of the subordinate parts

is completely misapplied.

There is much more simplicity and less violent

improbability in the hypothesis of muscular contrac-

tion that was advanced by Prochaska, although, I

fear, we must admit that it is equally without foun-

dation. From his explanation of the structure of

the muscles, he concludes that the minute branches

of the arteries are every where connected with the

ultimate muscular filaments, that they creep about

them, and cross them in all directions. Hence he

argues that when these vessels are rendered turgid by

an accession of blood, in passing among the filaments

they must bend them into a serpentine form, and thus

diminish their length, and that of the musclegenerally.^

9 Kem, Teiitapiina, No, V. » De Cam. Mus. § %. c. i.
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In connexion with this hypothesis of Procliaska's

I think it not improper to notice a microscopical oh-

servation of Hales's, which, although it may have

been perverted by the causes which are so apt to

affect all observations of this kind, comes from too

respectable a quarter to be entirely neglected. He
informs us that when he viewed the muscles of a frog

with a powerful lens, he observed the fibres lying

parallel to each other, with the blood running up

and down between each fibre in the small capillary

arteries. If the muscle was then made to contract,

to use his own expression, the scene is instantly

changed from parallel fibres to serieses of rhomboidal

pinnulae, which immediately disappear as soon as the

muscle ceases to act."^ We may easily conceive that

an appearance similar to what Hales describes would

follow from the shortening of the fibres and the ne-

cessary contraction of all the parts connected with

them, but it does not throw any light upon the 'na-

ture of the operation, nor does it enable us to jud^e

whether the fibres or the vessels were the prime

agents in the production of the change.

The only other opinion which I shall notice on

this subject is the one that was brought forward 'a

few years ago by Sir G. Blane, and that indeed more

in' the form of a conjectural speculation, ihaii' of a

formal hypothesis. As he was led from his' ex{)ii*i-

ments to conclude that the aclual bullc of t;he muscle

is not altered during its contraction, but that it

» Statical Essays, vol. ii. p. 59*
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gains in thickness exactly what it loses in length, he

observes that we may account for this change by sup-

posing that the muscle is made up of particles of an

oblong form, and that when the muscle is contracted,

the long diameter of the particle is removed from a

perpendicular into a transverse direction.^ This spe-

culation has certainly the advantage over Keill's, in

containing a much smaller number of assumptions,

but its foundation is equally gratuitous, and, like that

of Prochaska, seems totally inadequate to produce

the effect in question.*

After such melancholy examples of failure before

our eyes, it will not be expected that I should at-

tempt to unravel a mystery, which has hitherto re-

mained in such impenetrable obscurity. It may,

however, be desirable to state in what degree the

efficient cause of muscular contraction is a legitimate

object of inquiry, and towards what points we ought

particularly to direct our attention. In the first

place, the simple act of contraction must consist in

the approximation of the particles of which the fibre

is composed, and this may be brought about in vari-

ous ways. The fibre itself may be condensed in its

whole substance, or it may be bent or folded up into

a kind of zig-zag form, or the attraction between some

of its parts may cause the whole to be corrugated,

thus shortening it in its perpendicular direction with-

out producing any actual condensation. We have, how-

3 Select. Dissert, p. 24".

* For an account of the hypothesis of muscul?ir contraction

lately brought forward by M. M. Frevost and Dumas, see App. tp

Chap. 3, in vol, iii, p, 355, et seq.
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ever, no proof cither from the evidence of our senses, or

from any correct deduction of reasoning, of any specific

structure or constitution of the fibre which can, in any
degree, explain the manner in which this approxima-

tion is effected. It is not likely that any further dis-

covery can be made upon this subject by the aid of

microscopes, for it appears that there is a limit to the

employment of high magnifiers, beyond which the

liabiHty to ocular deception is so great as to counter-

balance any supposed advantage from the increased

magnitude of the object. If therefore, any additional

information can ever be acquired on this point, it is

more likely that it will be done by observing the

effects produced on the whole muscle, and by tracing

the analoffv between these effects and other natural

phenomena, than by the mere examination of the

separate fibres. And if we are unable to account for

the approximation of the particles, still less are we

able to explain why the various things which we call

stimulants, so extremely heterogeneous in their na-

ture, and which have no other common property,

should all coincide in producing the same effect upon

the fibre. This is so unlike the operation of any

other physical cause with which we are acquainted,

that we must for the present consider it as an ulti-

'mate fact, one of those mysteries in nature which

daily present themselves to our observation, but which

elude all our attempts to refer them to any more

general principle.

The other inquiry which I proposed, what is the

cause of contractility, remains involved in as much

obscurity as the one wc have been considering. The
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attempts that have been made to explain it are not

less numerous than in the former case, nor can they

be considered as more fortunate, although they may

probably appear less palpably absurd. Before we

enter upon the inquiry it will be proper to have a

clear and explicit statement of its object, a circum-

stance which is always necessary in philosophical in-

vestigations, but which seems to be particularly so in

this instance, where several hypotheses have been ad-

vanced, which in fact appear to be no more than mere

verbal explanations, or peculiar expressions which do

not convey any distinct idea to the mind. Our object

is to inquire whether, when a muscle contracts in con-

sequence of the application of a stimulus, this event is

uniformly preceded by any other event, so that the

latter may stand to the former in the relation of its

cause. This necessary antecedent to contraction may
be something of a peculiar and specific kind, or it

may be referable to some of the other agents in na-

ture. If it be of the former description, we are to

prove that it is governed by appropriate laws, that

cannot be referred to any other power, and we are to

point out in what this specific difference consists. If

it be found to belong to any of the known agents, we
are to prove the reality of this connexion , to show
that the effect never takes place without the presence
of this supposed agent, that when this agent is pre-
sent the power of contraction continues, and that an
increase or diminution in the quantity or force of the
agent is always attended by a corresponding increase

or diminution of the contractile power.
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It will be necessary for us to examine more in de-

tail the hypotheses that have been formed to accou^it

for the cause of contractility than those conperning

the efficient cause of contraction, because while the

latter have been all nearly discarded and are generally

neglected, the former are many of them of modern

growth, are maintained by many living authors, are

daily referred to by physiologists and pathologists,

and are made the foundation of many topics both of

speculation and of practice. We may arrange these

hypotheses under two divisions ; first, those which

ascribe muscular contractility to the presence of some

extraneous agent or power superadded to the animal

body; or, secondly, those which ascribe it to some

peculiar state or function of the body itself. The id^a

tiiat contractility depends upon the presence of free

caloric may be adduced as an example of the jfir^t,

and, as an instance of the second, the opinion that

contractility necessarily results from a peculiar che-

mical composition of the muscular fibre. The first

class of hypotheses will not detain us long, because

they have been brought forwards in a less formal

shape, and because, being less clogged with obscure

speculations, and being of a more palpable nature,

they are more easy to refute. Because it was obseryed

that there is a connexion between the temperature oi

an animal and the degree of its contractility, some

physiologists have conceived that contractility de-

pended immediately upon caloric, or the matter of

heat interspersed in an uncombined state between the

fibres. Others, perceiving how remarkably the mus-
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cles are affected by the electrical fluid, supposed that

this was the immediate cause of muscular contracti*

lity, and set themselves to invent different modes in

which what they styled animal electricity might be

generated. With respect to both these hypotheses

we may remark that caloric and the electric fluid are

found to be very powerful stimulants to the fibre, and

it would appear, with respect to the first of them,

that a certain range of temperature is necessary for

the existence of the contractile state. Another opi-

nion concerning the cause of contractility, which must

be placed in our first division, was fashionable a few

years ago, according to which the immediate cause of

this property was ascribed to oxygen. It was con-

ceived that oxygen is absorbed by the lungs during

respiration, is carried by the arterial blood to the

muscles, and gives them their contractile power. It

wa^ imagined that in various states of the system,

and from various incidental causes, oxygen was ab-

sor1[)ed and carried to the muscles in very different

quantities, and that in proportion to the quantity their

contractility was increased or diminished. This specu-

. lation, which appears to have been first formallybrought

forwards by Girtauner,^ and was zealously adopted by

Beddoes, was applied by him very extensively to

pathology, and was made the foundation of some sup-

posed improvements in the practice of medicine.

.
Por a short time this doctrine obtained a considerable

share of popularity, but when the first impression of

4 JoLirii. de Phys. t. xxxvii. p, lo9,

VOL. I. V
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novelty liad subsided, and its real merits began to be

tjanvassed, it was found to be built upon a set of en-

tirely gratuitous positions, and was almost universally

abandoned. It has^ however, lately found a sup-

porter in M. Richerand, a writer more remarkable for

a popular air which he gives to his works, and for the

liveliness of his imagination, than for the correctness

of his judgment. He adds to it the additional specu-

lation, that the union of the oxygen in the arterial

blood and the elements of the muscle is brought about

by the nervous fluid, which produces an effect some-

thing like that of the electric spark.^

In the second class of hypotheses that have been

formed to account for contractility, there is one that

has been detailed with a considerable degree of minute-

ness, and has had a great variety of arguments, and

even experiments, adduced in its favour; I refer to

that which ascribes contractility to the chemical com-

position of the fibre. It is found that a certain pro-

portion of chemical elements composes a body endowed

with certain properties, and whenever the elements

are put together in a proper proportion, these proper-

ties are the necessary result. Thus, a certain propor-

tion of sulphur and oxygen forms sulphuric acid, a

substance which possesses a set of qualities neces-

sarily belonging to it: it is a heavy, unctuous* acid

• fluid, and we may correctly say, that these properties

are necessarily attached to its chemical composition.

5 Elements of Pliysiol. § l63 ; see also Blumeubach'silnst. by

Elliotson, § 50,54..
' V-tf

'
' n. >' f '
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The same reasoning is applied to the muscular fibre

;

this body is composed of carbon, hydrogen, azote, and

oxygen, which, all of them, exist in a certain propor-

tion, and when they are united together they form

the body which we call a muscular fibre, which pos-

sesses a certain set of physical and chemical proper-

ties, and also the physiological property of contracti-

lity; Contractility is said, therefore, to be as much

the necessary result of the chemical elements which

compose the fibre, as acidity is of the compound of

oxygen and sulphur which composes sulphuric acid.

In order to prove this hypothesis by experiment, an

attempt has been made to show, that if by any means

an alteration be made in the proportion of the ele-

ments of which the fibre is composed, without, at the

same time, destroying its texture, or its physical pro-,

•perties, a corresponding change is brought about in

its contractile power. Humboldt particularly di-

rected his attention to this point, and endeavoured to

demonstrate that a very slight change in the chemical

composition of the muscle entirely destroys its con-

tractility, while, by restoring the original composi-

tion of the muscle, the contractility is also restored.

As oxygen is the most variable of the components of

the muscular fibre, or at least that which is the most

easily added and subtracted from it, by means of

chemical re-agents, his experiments chiefly consisted

in observing the effects of this substance upon con-

tractility, and by employing galvanism as a test of

the presence of the contractile power, he found that

it was perceptibly affected by very slight variations

r 2
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the proportion of the chemical elements ofi the

muscle.^ There are some interesting experiments that

lead to tlie same conclusion in the thesis of Smith,^ a

work which, in consequence of its peculiar destination^

has been little known to the public, but which coak

tains more valuable and interesting matter than manjo

bulky volumes that have acquired a high degree >q6

celebrity. The experiments were performed about

the year 1766, long before the chemical theory of

contractility was thought of. Their immediate object

is to show the effect of chemical agents in increasirg

or diminishing the power which the muscles possess

of being affected by stimulants of various kinds, and

in some cases their operations were such as rather to

indicate a change in the composition of the muscle

than merely in its contractility.

A train of reasoning has been brought forwards by

the chemical physiologists, in favour of their views df

contractility, derived from the state of the muscular

fibre after death, whicli is found to differ very mucli

according to tlie mode in which life has been destroyed.

If an animal in full health be suddenly killed, the

muscles are firm and rigidly contracted, and they re-

main a long time without undergoing the process of

decomposition ;
whereas, on the contrary, if death

ensue after violent exercise, if it be caused bv lig-ht-

ning or electricity, or by the operation of some kinds

of poisons, the muscles are relaxed and soft, have lost

6 Experiences sur le Galvanisme, &c. par Jatlelot ; also Ann.

Cliim. t. xxii. p. 51 ; Journ. Fliys. t. xlvi. p. 46'5
; t. xlvii. p.^Sl'i

7 Tent. Phys. Inaug. de Aclionc Muscujuri, Ai)pendix,
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all their contractility, and much sooner become pu-

trid ; and it is found that in all instances these two

states or conditions correspond to each other, vi%. the

degree of contractility remaining in the muscle and

its tendency to putrefaction. As the decomposition

.c^ithe substance of a muscle is obviously a chemical

dperation, and as it thus appears to be so intimately

connected with its contractility, it was concluded that

dontractility is the necessary result of a peculiar com-

bination of chemical elements. This argument in

%vour of the chemical theory has been also extended

tefjfche connexion that has been observed between the

dontractility of the muscular fibre and the coagulabi-

lity of the fibrin of the blood. The greatest part,

ifi. not all those circumstances which affect the con-

tractility of the muscle, are found to produce a pro-

j^rtionate and corresponding effect upon the coagu-

lation.,of the fibrin. But the fibrin of the blood,

it is said, is a mere chemical compound
;
any change

iflk. its coagulability must therefore depend upon an

alteration in its chemical composition, and as the

muscular fibre exactly resembles it in its chemical

composition, and as there is a strong similarity be-

tween their respective properties of contractility and

o6agulability, so it is inferred that the former must

likewise depend upon a chemical combination. For

the facts respecting the blood we are principally in-

debted to J. Hunter, who, however, brought them

forwards with very different, and even a directly

opposite, view, to prove that the blood, in consequence

of its exhibiting properties so analogous to those be.
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longing to the muscular fibre, is the appropriate seat

of vitality. This hypothesis will be discussed in its

proper place ; but in the mean time I may remark,

that whatever conclusion we form concerning Hunter's

speculation on the life of the blood, still it indicates

an intimate and necessary relation between its phy-

siological and its chemical properties.

It would appear, then, upon the whole, that therfe

are some striking facts and strong analogies in favour

of the chemical hypothesis, and they certainly go so

far as to prove that there is a very intimate connexion

between the chemical composition of the fibre and its

contractile power. But they do not prove any thing

besides this ; they demonstrate that a connexion

exists between the two circumstances, not that one is

the cause of the other. Indeed, there is an obvious

and well-known fact which is decisive against this

supposition. A muscle immediately after death has

the same chemical composition as during life, yet if

life be completely extinguished, contractility is gone

and can never be restored. If it be said that a che-

mical change in the muscle commences immediately

after death, but that it is too slight to be detected, I

reply that a change which is imperceptible cannot be

adduced as the foundation on which to build an hy-

pothesis. And were it even proved that this alleged

change did exist, it might still be objected that the

progress of chemical decomposition bears no propor-

tion to the alteration in the state of the contractile

power, the former commencing very slowly, and by

ialmost imperceptible degrees ; the latter proceeding
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rapidly, and in a short time having arrived at the ut*

most change which it ever experiences. Besides,

although it be a less direct argument against the che-

mical hypothesis, and one that is merely analogical;

yet it possesses considerable weight, that although

there are many substances that possess nearly the

same chemical composition with the muscular fibre,

,
yet no other body in nature exhibits any property

which is at all similar to contractility ; it does not,

^
indeed, resemble any other quality in nature, and

although exclusively attached to a substance com-

\^
posed of certain chemical elements, it seems more

natural to suppose that it is superadded to these ele-

^
meuts, than necessarily resulting from their com^-

bination.

Another opinion respecting the cause of contrac-

tility, which has been frequently brought forwards,

although scarcely in the form of a regular hypothesis,,

is, that this property depends upon the mechanical

structure of the fibre. We observe a body possessed

of a very peculiar arrangement, unlike every other in

nature, and possessed of an equally peculiar property ;

it is therefore concluded that the property is the ne-

cessary result of the peculiar structure or arrange-

ment of the parts of which the body is composed.

But the answer that was made to the chemical theory-

applies to this with still more force : that long after

the contractile power is extinguished by death the

structure remains unaltered, and as any material al-

teration in this respect would be of a more palpable
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nature than the former, so we may conclude, J^jjJi

mare confidence, that it has not taken place.®j^,(^g:)

Many physiologists of the first eminence, -aipaoflg

whom we may include Haller and CuUen, when en-

deavouring to account for the cause of contractility,

have thought it sufficient to say, that this attraction

between the particles of the fibre, which causes it to

contract, is nothing more than a peculiar mode or

species of the attraction which subsists between tjie

particles of all matter. , And this appear^ ^t-^^ij^e

nearly the opinion of Fordyce, when he ascribes con-

tractility to what he calls the attraction of life,^ and

of those physiologists who speak of it as an attraction

depending upon the operation of the vital principle.

Many facts and experiments have been adduced in

favour of the hypothesis of attraction, which all tj^pd

,to show that there exists a greater degree of cohesion

between the particles of the muscular fibre dujing

life than immediately after death, and before v/e Cfiu

conceive that it has experienced any material change

in its chemical or physical constitution. Observations

, of this kind occur not unfrequcntly in the writings^ of

the older physiologists; among the moderns,; Sir. Xt,

Blane attempted to prove this diminished cohesion by

a direct experiment on the muscles of the thumb,^

8 This view of the subject may derive some confirraation.from

the fact discovered by Hunter, that a muscle may have its fibres

much shortened without any diminution of its contractility;

Home's Lect. p. 40.

'9 Phil. Trans, for 1788, p. 25.

» Blane's Select Dissert, p. 237.
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and remarks of the same kind have been made by

Carhsle^ and by Bichat.^ With a view to the same

cioncliision it has been observed, that when a muscle

is ruptured during life it is the tendinous part which

is disposed to give way, while, on the contrary, after

'^eath, the fleshy part is always weaker than the

tendon.'* Although perhaps it is impossible to per-

form khy^very decisive experiments upon this subject,

jret we admit the truth of the position, that during

muscular action the particles of the fibre are more

strongly attracted together, and indeed the very na-

"4;ure of the operation implies that this must be the

^"hase. We must also bear in mind that mechanical

violence is itself a stimulus, and that in consequence

'ofthe admirable arrangements of the animal oecono-

- *4Tly,' the very circumstance, which would otherwise

tend to disorganize the muscles, has the immediate

-.'fefflfect of preventing this disorganization from taking

pflace. 'Yet, although we admit the existence of this

increased attraction as an actual fact, it affords no

explanation of the cause of contractility. The hy-

pothesis, when stripped of the peculiar language in

which it is conveyed, amounts to nothing more than

the expression of the fact in new terms, for still the

fundamental difficulty remains, what it is which de-

termines the attraction between the particles of

matter to exert their power in this peculiar manner

» Plul. Trans, for 1805, p. 3 ; the author remarks that the dimi-

nished cohesion after death occurs only in the direction of the fibre.

3 Anat. Gen. t. ii. p. 398.

4 Carlisle, in Phil, Trans, for 1805; p. 4.
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and under these peculiar circumstances. I have,

therefore, no hesitation in concluding that, in the

present state of our knowledge, contractility ought

to be regarded as the unknown cause of known effects,

a quality attached to a particular species of matter

possessed of properties peculiar to itself, and which

we are not able to refer to any general principle.'*^

* An hypothesis to explain the primary cause of animal motion

has been lately brought forwards by M. Dutrochet, of which an

account is contained in the App, to v. iii. p. 359. et seq.
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CHAP. IV.

Of tke^J^ervous System.

In the last chapter I gave an account of one of the

appropriate powers of the animal body, contractility,

and of the organs by which it is exercised ; I now pro-

ceed to the other property that belongs exclusively to

animal life, sensibility.^ As contractility is always

5 One of the objections that were urged above against the use

of the word irritability to designate the appropriate power of the

muscles, applies to sensibility as expressing the power attached to

the nervous system, that besides its technical and physiological

sense, it is frequently employed in a general way to indicate a pe-

culiar state of the feelings or character. Were I to venture to

introduce a new term, I should propose that of sensitivity, which

might bear the same relation to the nervous system, that contracti-

lity does to the muscular, M. Cuvier, in his report on the ex-

periments of M. Flourens, which will be more particularly noticed

hereafter, remarks upon the ambiguity which, in the French lan-

guage, attaches to the word " sensible this term being applied

to a body capable either of receiving, of producing, or of conduct-

ing sensations. In English, part of the difficulty may be removed

by employing the word " sentient " in the first, and " sensitive

"

in the third of these cases ; but we have still a fourth, and that

the most ordinary use of the word sensible, as expressing the state

of the intellectual powers. This paper contains many valuable

observations upon the importance of a correct nomenclature in the

science of physiology. As an illustration of the inaccurate or in-

determinate mode in which the terms connected with this subject

are employed, I may remark that Helvetius supposes the mind,

" la fiwultc de penser," to be entirely composed of f^sensibilite phy*
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attiiched to the muscular fibre, so sensibility is always

attached to the nervous system ; it is found in no

other part ; and wherever the nervous matter can be

traced, sensibility, in a greater or less degree, may

always be detected.

In treating upon this subject I must begin by a

brief description of the nervous system, and its ana-

tomical structure, together with its physical and che^

mical properties. I shall, in the second place, con-

sider its vital powers or faculties, and the mode of

their operation, and this will naturally lead me to

make some observations upon the use of the nervous

system, I shall next inquire into the nature of the

connexion that subsists between the muscles and the

nerves, and I shall endeavour to distinguish between

their effects upon the animal oeconomy in general^

and upon the different parts of which it is composed.

When we have thus taken a view of both the powers

which characterize animal existence, we shall be pre-

pared for forming a classification of the functions, as-

certaining in what degree they depend upon the mus-

cular or the nervous systems, and what is the nature

of the relation that they bear to each other.^ -P'^^^
^^'*

J -rCT

nilll ..t.>i';.'.

sique" and memory ; De I'Esprit, dis. 1. ch. 1 ; while Richerand

conceives that there may be sensibility independent of the presence

of nerves ;
Physiol. Inst. p. 22. - :

itPobovoD^'

6 Willis may be considered as the first among the moderns who

investigated with much success the structure and functions of the

nervous system. Boerhaave paid comparatively but little attention

to it : PJaller again studied it with much minuteness ; and since

his time we may select the names of Vic-d'Azyr, Sa?mmering,

the Wenzells, and Drs. Gall and Spurzheim, whose labours on
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^^e§cri2^tiO)i of the, ]^^ v

The nervous system consists of four principal parts

or organs ; the hrain, the spinal cord, the nerves, and

the gangha/ The. brain is a body of a pulpy con-

sistence, resembling a^ sotf^coagulum, filling the hol-j,

low bone called the skull, which gives the form iq^

the head. It is of an extremely irregular figure^

having a number of projections and depressions, cor-,

responding partly to the irregularities of the skull^^

and partly produced by convolutions and cavitiesSj jn,

the brain itself. It is covered externally with various;

membranes, of which the most important are two^ an,

external one, thick and dense, which lines the skull,

and an internal one, more thin and delicate, which

closely invests the central mass, and follows its svir-

fade' iilto all its depressions and cavities. To thesy^

the (ilder anatomists give the names of the Dura and

Pia Mater, in conformity to a whimsical hypothesis,

.

that these two were the origin of all the other mem-

branes of the body. The internal cavities of the

this subject have been peculiarly valuable. The late investigation^

of Dr. W. Philip, of Mr. C. Bell, and of M. Magendie, fuUy

entitle them to a place in the above list. An interesting, and, afs

fiir as I am able to judge, a very accurate abstract of the successi^fe'

discoveries that have been made on the subject of the brain aifid^

nerves is given by Sprengel, Hist, de la Med. t. iv. sect. 12. c. 4.

7 It may be proper to remark, that wlienever the terms " nervous

system," "nervous matter," "nervous power," &c. are employed,

without any addition or restriction, they are to be understood in a

general sense, as including or referring to all the four parts meii-

tioned above,
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brain, which are called ventricles, are lined with a

serous membrane, secreting an albuminous fluid,

which, in the healthy state of the organ, is removed

by absorption as rapidly as it is produced, but which

is occasionally collected in considerable quantity,

giving rise to the formidable disease of hydrocephalus.

Scarcely any thing is known with respect to the

use of the different projections and depressions of the

brain ; but there are two points connected with its

form, that it is important to notice, as they seem to

throw some light upon its physiology and the nature

of its functions. These are, first, the division of the

encephaloii or cerebral mass, into the cerebrum,

or brain properly so called, anc^ the cerebellum, or

lesser brain ; and secondly, its division into the two

hemispheres. The greater part of the nervous mat-

ter within the skull composes the proper brain or

cerebrum ; it occupies the whole of the upper part of

the head, and is separated by a dense membrane from

the lesser brain, except at the common basis of both,

where they are united. There is a dense membrane,

projecting directly downwards to a considerable depth,

from the upper part of the skull, and extending from

the fore to tlie back part of the head, which divides

the brain into the two hemispheres as they have been

called ; the cerebellum is likewise divided by a simi-

lar membrane into two hemispheres.

When we cut into the interior of the brain we

find it to be composed of two substances, that differ

in their colour and consistcucc ; these have obtained

the names of the cortical or ciueritious, and the mc-
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dullary matter. The cortical, as its name imports,

is on the outside, and is of a reddish-brown colour ;

it is obviously of a softer consistence than the me-

dullary part, and it leaves by desication a smaller

quantity of solid residuum. In the foetus it is consi-

derably less firm, and at this period bears a larger

proportion to the medullary matter than it does in

the adult. It evidently contains a greater number of

•blood-vessels ; and more may be brought into view,

when it is examined by the microscope. On this ac-

count it was conceived by Ruysch to be composed

entirely of blood-vessels, with the connecting cellular

membrane, an opinion which was at one time very

generally adopted, and to which Haller inclines,^

altliough the mere inspection of the part would seem

to prove its inaccuracy. Malpighi supposed that hfC

had detected a glandular structure in this portion of

the brain,^ an idea which was embraced by many emi-

nent anatomists, and which may be thought to

receive some confirmation from the microscopical ob-

servations that have been lately made upon this

organ.
^

,
8 El. Phvs. X. 1. 12.

" 9 Exer. de Cerebro, in Manget, Bib. Anat. vol. ii. p. 56.

^ ^'"Thc medullary matter, both from its aspect and relative po-

sitibn, is generally considered as constituting tlie nervous sub-

stance in its most perfect state ; and Drs. Gall and Spurzlieim

have conjectured that the use of the cineritious is to form or se-

crete the medullary part ; Recherches sur leSysteme Nerveux, § 2.

The particular facts from which they derive their hypothesis ase,

that the nerves appear to be enlarged when they pass through a

JxU
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To the base of the skull, connected with the brain

by the intervention of the medulla oblongata, is

attached what has been commonly called the spinal .

marrow, but which has been more correctly termed >

by Gordon the spinal cord. Like the brain, it is en-
,^

closed in membranes, it possesses both cineritious and
^

medullary matter, although their respective positio??,.j

is reversed ; it has a longitudinal furrow, dividing it

imperfectly into two halves, analogous to the hcmi-
^

spheres of the brain.

To the lower part of the brain, or rather perhaps,
,j

according to the more accurat(j researches of tl;^

modern anatomists, to the medulla oblongata, site. ^
attached a number.- of small w^hite cords, called,

^

nerves,, .composed p.f,;rnedullary matter, possessing ^a
.^^

distinct fibi'ous structure, and enclosed in sheaths .pf^^j

membrane. These principally pass from the brain i-o^^j

the organs of the external senses, and bodies of a

similar kind pass from the spinal cord to the muscular

parts ; the former have been called the cerebral, the

latter the spinal or vertebral nerves ; both of them

are,j(lisposed in pairs, and proceed in corresponding^.03

mass of cineritious, matter^ and tliat masses of tMs. substance, arp

deposited on all the parts of the spinal cord where it sends - out

nerves. Prof. Tiederaann, however, remarks^ in opposition to

the above opinion, that in the foetus, the medulla is formed before

the cortex, and he limits the use of_ the latter to,;^he, conveyance

of the arterial blood which may .be, necessary to, support the

energy of the perfect nervous matter; Med. Rcpos. vol. xv.

p. 315. See also Magendic, Phyaiol. t. i. p. 162,
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directions to the two sides of the body. At their

commencement from the brain or spinal cord, anato-

mists generally reckon nine pair of the former nerves

and thirty of the latter, but they soon divide into

numerous branches, which are distributed to all parts

of the body. In their passage they frequently anas-

tomosis dr communicate with each other, and these

communicktions are sometimes so numerous and in-

tricate as to form a complete net-work, to which the

name of plexus has been applied. From these

plexuses new nerves originate, which seem to be inde-

pendent of those which produced them. When the

nerves arrive at their ultimate destination, they

generally ramify into small branches, which beconie

more and more minute, until they seem at length to

be melted down into a kind of pulp, and are no

longer visible to the eye.^

* Besides these two classes of nerves, the cerebral and the

spiu^, there is one nerve, or set of nervesf, that appears to hold

an intermediate relation between the two, or to have a direct con-

nexion with both the brain and the spinal cord ; this is the inter-

costal nerve, with its ramifications- Some nervous twigs that

descend from the brain unite with the branches that are sent off

from the spinal cord ; these form series of ganglia on each side of

the spine, from which numerous nerves proceed that are distributed

over all the thoracic and abdominal viscera. From the way in

which the intercostal nerve is composed, it would seem adapted to

combine the influence of all the parts of the nervous system, and to

afford a supply of this influence to each individual organ, which,

in this way, have a direct nervous communication, and it is from

this circumstance that its popular name of sympathetic is derived.

It must, however, be remarked, that both the anatomical

and the physiological relation which this nerve bears to the

VOL. I. Q
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In speaking of the relation which subsists between

the brain and the nerves, it has been usual to de-

scribe the latter as derived from the former, or as

productions of its substance. This manner of vieWf

ing the subject probably arose, in some measure, from

the hypothesis of the animal spirits, which were sup^

posed to be lodged in a series of tubes, that served

as a receptacle for them, and conveyed them to all

parts of the body.^ And even since the doctrine of

the animal spirits has been called in question, the

same kind of language is maintained, and the nerves

are spoken of, in a vague way, as fibres actually con-

tinued from those of the medulla of the brain. Of

late, however, the directly contrary opinion has been

advanced by Drs. Gall and Spurzheim, that the brain

is an api^endage to the spinal cord, or that it is to be

regarded as a kind of large tubercle or ganglion, con*

;nected with it, in the same way as other gangha are

connected with the nerves that are contiguous to

them.* This view of the subject has been ingeni-

ously defended by Prof. Tiedemann, by a reference tp

the progressive development of the nervous system

in the foetus, in which we find that the spinal cord is

formed before the brain, and also by the analogy of

other parts of the system have been the subject of much dis-

cussion. See Bichat sur la Vie et la Mort, p. 249, et seq. ; also

Beclard, p. 61, and Mr. Shaw's Strictures upon Bichat in Lond.

Med. Journ. v. xlix. p. 456. Richerand has some good observations

upon this part of the nervous system; Phys. t. i. p. 108.

3 Monro on the Nervous System, p. 24.

4 Recherches sur le Systeme Nerveux, sect. 1.
,
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th^ inferior animals, where, as we pass on from the

most perfect organization to that which is less so, the

brain disappears before the spinal cord.^ Perhaps

this is more a verbal distinction than an actual differ-

ence in the conception of the object, for when ana-

tomists speak of the nerves as being productions of

the brain, they probably mean no more than that the

brain is the centre to which the affections of the

nervous system are to be referred, employing the

phrase rather in a physiological, than in an anato-

mical sense.

The ganglia are small knots or masses of nervous

matter, which are situated along the course of the

nerves, generally where two or three of them form an

angle, and especially in the different parts of the

thorax and abdomen. They are composed of a mix-

ture of two substances, which appear analogous to

the cineritious and medullary matter of the brain ;

they are of a redder colour and are more copiously

supplied with arteries than the nerves
; they are also

of a firmer consistence, and are covered with a denser

membrane. Anatomists are generally agreed that

the nerves which proceed from a ganglion are larger

than those which enter into it, as if, in thejr passage

through it, they had received an additional quantity

J Medical Repos. v. xv. p. 310. From some later observations

made by Tiedemann and Serres on the development of the i\ervous

system in the human foetus, we learn that the spinal cord is the

part which is first formed, afterwards the medulla oblongata, then
•the cerebeUum, and lastly the cerebrum ; Beclard, add. k Bichat,

p. 44. See Appendix, v. iii. p. 368, 380.

Q 2
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of matter.^ With respect to their texture we are in-

formed by Monro/ and the account which has been

more lately given by Scarpa « is fundamentally the

same, that the filaments of the different nerves which
compose the ganglion proceed individually without in-

terruption, but that they are all twisted together into

an irregular bundle, and that filaments from different

nerves are united in the formation of a newnerYe.

In this way it would appear that a mechanical con-

nexion is established between the parts that receiv^^

their nerves from the ganglia, and we may presume

that this will contribute to a sympathy between

their actions.^

With respect to the distribution of the nerves, it

may be remarked, that the greatest part of the nervous

matter is sent to the organs of sense and of voluntary

motion, that the viscera are much more sparingly sup-

plied with nerves, the glands have still fewer, while

some of the membranous parts appear to be entirely

without them.^ Generally speaking, the nerves which

supply the organs of sense seem to proceed immedi-

ately from the base of the brain, or rather from the

medulla oblongata, while the muscles receive their

nerves from the spinal cord ; but there are some ex-

^ Haller, El. Phys. x. 6. 1 1. Soemmering, Corp. Hum. Fab. t. iv.

§157.

7 On the Nervous System^ c. IP-

8 De Nervorum Gangliis, § 6, 7, et alibi, tab. 2.

• 9 We have a very full abstract of all that refers to the ganglia

in Johnstone's " Essay," with a copious list of references.

> Haller, El. Phys. x. 6. p. Soemmering, Corp. Hum. Fab. t. iv.

^131. Blumenbach's Inst. Phys. § 210.
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ceptions to this rule. There is much more irregu-^

i
larity with respect to the course of the nerves that go

to the viscera ; they generally take their immediate

[

origin from some of the ganglia and plexuses that

I
form part of the intercostal system, and they are con-

I

nected with each other in a great variety of ways, ap-

parently for the purpose of producing a direct nervous

i communication between all the viscera, as well as be-

tween each viscus and the other parts of the body.

It is worthy of notice that the nervous system gene-

rally, including the brain, the spinal cord, and all

their ramifications, is so disposed, that if the body be

\ divided into two lateral halves, by a plane passing

: perpendicularly through its centre, the nerves of the

two parts will be almost exactly similar to each other,

while, at the same time, they are so united by plexuses

and anastomoses of various kinds, as to ensure a com-

' plete connexion between the two parts and an entire

E correspondence of their sensations.

; A circumstance connected with the anatomical

structure of the brain that deserves to be noticed is

the great quantity of blood which is transmitted to it

by the arteries. Haller made a calculation, from

\yhich he concluded, that one-fifth of all the blood sent

out of the left ventricle of the heart is carried to the

head, although the weight of the brain in the human
I subject be not more than one-fortieth of that of the

whole body.^ This estimate has been thought to be

too large, but even if we reduce the quantity of blood

* El. Phys. X. 5. 20.
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to one-tenth, according to the idea of MonfO,^ it

will be a very great over-proportion. There are many

curious contrivances, connected with the circulation

through the head, for preventing this great quantity

of blood from producing any injurious effects upon

the brain by its pressure or its unequal distribution,

in consequence either of its stagnating in the vessels,

or being too violently propelled through them, but

the description of these is rather the province of the

anatomist than the physiologist. Many conjectures

have been formed respecting the use of this great

quantity of blood, and it gives a degree of plausibility

to an opinion, which was entertained by Hippocrates,*

that the brain has some analogy to a secreting organ*

It has been conceived that one use of the ventricles,

as well as of the various internal convolutions of the

brain, is to afford a more extended surface, by which

the blood-vessels may enter its substance at a greater

number ofpoints,and consequently, in smaller quantity

at any one part, while, at the same time, they are more

firmly supported in their passage by the greater quan-

tity of investing membrane/

Both the chemical and the physical properties of

the nervous matter are obviously peculiar to itself,

unlike what we meet with in any other of the con-

3 On the Nervous System, p. 3.

4 De Glandulis, Opera, t. i. p. 272. 1. 17-

5 The conjecture of Sir EverardHome is notwithout plausibility,

that the fluid which the ventricles contain, varying in its quan-

tity, may serve to equalize internal pressure ; Phil. Trans, for

1814, p. 471, and for 1821, p. 32.
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stituents of the body, but wherever it is found it ex-

hibits nearly the same properties. Its general appear-

ance is too well known to require any description, but

there is one circumstance which has lately been the

subject of much discussion, how far it is to be consi-

dered as being composed of proper fibres. It is gene-

rally agreed that the medullary part of the brain,

when exaiTiined in its most perfect and recent state,

especially after it has been artificially hardened or

condensed by the action of heat or certain chemical

substances, if it be carefully scraped with a blunt in-

strument, exhibits the appearance of fibres of consi-

derable magnitude, with furrows between them/'

These furrows or strife are, for the most part, placed

in such a direction as to converge towards the base of

the brain, and it has been a question, whether these

fibres merely unite, forming what are termed commis-

sures, or whether they actually cross each other, and

pass on to the opposite sides of the body. That this

decussation takes place with respect to some at least

of the fibres, near the union of the cerebrum and

cerebellum, is an opinion of ancient date,^ and has

occasionally been announced in modern times, as the

<5 Haller, EL Phys. x. 1.13. CuUen's Phys. § 29. The fibrous

structure of the brain was the foundation of a great part of Des-

cartes' hypothetical opinions respecting the animal spirits.

7 For the opinions that have been entertained on this point

from the time of Aretaeus to the present day, see Soemmeling

de bas. Enceph. p. 19; also Dr. Cooke's elaborate work on,

Nervous Diseases, v. ii. p. IO9. It is remarkable that the ques-

tion concerning the decussation of the fibres of the optic nerves

appears still to be undecided, although it is a part which, from its
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direct result of anatomical observation ; but for its

full establishment and clear demonstration we may
consider ourselves as indebted to Drs. Gall and
Spurzheim.^ Still, however, the quantity of fibres

which can be seen to decussate is so small compared

iM>ofe.?rf?9)gu?fia?s ,p| cerebral matter, as to leave

size and situation, might have been supposed peculiarly favourable

for the purpose. See Vieq. d'Azyr, p. 51, pi. 17, fig. 1, No. 32.

In the number of the Lond. Med. and Phys. Joum. for

Dee. 1823, v. 1. p. 51 6, we have a brief account of some experi-

ments on the subject by Treviranus. Upon examining the

optic nerves, after their consistence has been hardened by the

action of alcohol, he finds that a part of the fibres pass on from

their origin to the retina of the same side, while those of the in-

terior and lower portion of the nerves appear to unite together,

but it could not be perceived that any of them actually crossed.

It may, perhaps, not be going too far to infer that the same struc-

ture may exist in the central parts of the brain, and that the

greatest part of the fibres of this organ may simply unite or be

brought into close apposition. I ought to apologize for offering an

opinion upon an anatomical question, but I had the good fortune

to be present at some examinations of the brain which were made

by Dr. Spurzheim, and the impression produced upon my mind

was that comparatively few of the fibres could be actually seen to

decussate; it is impossible to speak too highly of the dexterity of

his operations. For additional observations on the connexion of

the optic nerves, see v. iii. p. 132 . . 395.

8 See especially their sixth sect, and the observations made upon

it by the members of the Institute, who were selected to report

on their memoir ; from this, and from various papers which were

published in consequence of the controversy that ensued on the

originality of the observations of Drs. Gall and Spurzheim, we

may conclude that the connecting fibres had been occasionally ob-

served by anatomists, but that the circumstance had been little at-

tended to, and was not an opinion at that time generally received.
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some dmht WhM^t# IfeWfRc»t l8 e^tplafn^kll the

/'pathological consequences that have been deduced

^5*from it. I allude to the well-known fact that an injury

^-'inflicted on one side of the brain exhibits its effects

*^Wf*he opposite side of the body, proving/ 'git 'all

- events, the transmission of the nervous influence in

this particular direction, whatever may be the phy-

sical structure of the organ. The spinal cord, as well

as the brain, possesses a fibrous texture, although, as it

would appear, less distinct than the brain, and it dif-

fers from the brain in the effects resulting from dis-

ease or injury, which are generally observed to pro-

duce paralysis on the same side of the body with that

on which the injury has been inflicted.^

Of late years we have had many microscopical ob-

servations on the minute structure of the brain.

Prochaska, by employing a powerful lens, found it to

be composed of a pulp, containing a number of small

globules or rounded particles ; the pulp itself ap-

peared to consist of flocculi, likewise formed of glo-

bules connected together by fine cellular substance,

the ultimate globules being of a tolerably firm consis-

tence, and about eight times less than the red parti-

cles of the blood.^ These observations, in their more

essential parts, have been confirmed by the still more

9 See Monro on the Nervous System, c. 9 ; also Yelloly, in Med.
Chir. Trans, v. i. p. 187, et seq. ; this valuable paper evinces the

uncertainty w^hich prevails even among the first anatomists respect-

ing a matter of fact apparently of easy determination.

« Op. Min. t. i. p. 342.
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recent and elaborate examination of the Wenzels,

who, by using higher magnifiers, detected more clearly

the constitution of the brain, as composed of a series

of these small globules, which were apparently of a

cellular texture, and which constituted the whole

solid mass of the organ.^ It may seem remarkable

that neither Prochaska nor the Wenzels could per-

ceive any specific difference between the minute struc-

ture of the medullary and the cineritious matter, as

we can scarcely doubt that the latter is more vascular,

and it may be inferred to be so from the observations

of Mr. Bauer, who confirms the existence of the

globules, and remarks that they are disposed in lines,

so as to give the brain its fibrous appearance. We
are further informed by him, that the diameter of

the globules varies from Wo-r to ^Vro of an inch, the

general size being -g-^o-o- > ^^^J both larger and in

greater proportion in the medullary than in the cor-

tical part of the brain

According to Sir Everard Home these globules are

connected together by a peculiar gelatinous substance,

which he conceives to act a very important part in

the animal oeconomy. He goes so far as to state that

" there can be no doubt that the communication of

sensation and volition, more or less, depends upon

it;" he even regards it as the very essence of life,

and, referring to Hunter's doctrine of the materia

vitae, he remarks, " this grand idea of Mr. Hunter's

* De Structura Cerebri^ p. 24, et seq.

3 Phn. Trans, for 1818, p. 176; for 1821, p. 27, etseq.; and

for 1824, p. 3. et seq.
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M. Bauer, by his discovery of this transparent muctis,

has realized."
*

The fibrous structure of the nerves is said to be

more obvious than that of the medulla of the brain.

Monro* and Fontana^ have examined the nerves with

the microscope, and have described them as being

composed of a number of longitudinal cylinders, con-

nected together by cellular substance, which, like the

muscular fibres, may be divided into portions that are

more and more minute, until at length we arrive at

the primitive or ultimate nervous filament. This,

according to the latter of these authors, is about

twelve times greater than the fleshy fibre, and may

be easily distinguished from it by its texture, as well

as by its size. It is of a waved or tortuous form,

and is composed of a cylindrical canal, containing a

viscid pulpy matter, evidently different from the sub-

stance of the canal itself Monro describes the ulti-

mate nervous filament as a brownish pulpy matter,

surrounded by a number of white transparent bands,

but it would seem that this appearance of bands was

4 Phil. Trans, for 1821, p. 32, 33. It may appear not a little

remarkable, that so zealous and intelligent a disciple of the Hun-

terian school, and one whose pursuits and acquirements so well

qualify him for judging of its tenets, should have thus broached

the most direct system of materialism that has been given to the

world. I shall have occasion hereafter to state the arguments

which have induced me to adopt the immaterial hypothesis, but

the example and authority of Sir Everard Home should certainly

operate as a strong motive with those who embrace this view of

the subject for exercising perfect candour towards their opponents.

5 On the Nervous System, c. 13, and Tab. 1 3, fig. 1 . . 14.

Sur les Poisons, t. ii. p. 18, et seq. pi. 3 et 4.
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merely an optical deception, produced by the effect

of light acting upon the waved surface of the cy-

linder.^ In speaking of the shape of the nerves I

have employed the term cylindrical, in conformity

with the account which is usually given of them, but

we are informed by Soemmering, who must be re-

garded as one of the highest authorities, that they

are of a conical form, the apex being at the part

where they are sent off from the brain, or that they

gradually increase in diameter as they proceed from

their origin to the organs for which they are destined.^

With respect to the general structure of the nerves it

may be further remarked, that the intercostal nerve

and the par vagum are said to differ from the other

nerves in the disposition of their fibres, which, instead

of being straight and parallel, are irregularly con-

nected to each other and twisted together.^

The ultimate nervous fibre, as described by Fpn-

tana, is however very much smaller than the fibres

that seem to compose the substance of the brain,

when we scrape it with a blunt instrument ; so that if

we are to believe in the reality of both these forma-

tions, and to suppose that the minute structure of

the brain is similar to that of the nerves, we must

conjecture that the visible striae or fibres of the brain

are analogous to the lacerti or larger masses that

enter into the composition of the muscles, and that,

7 On the Nervous System, c. 13 and 22 ; See Soemmering,

Corp. Hum. Fab. t. iv. § 138.

8 § 144.

9 Wilson's Lectures on the Skeleton, p. 7.

r
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were their consistence sufficiently solid, they might

be resolved into smaller primitive fibres, like those

that are found in the muscles. This view of the

subject seems to receive some confirmation from the

observations of Reill on the nerves, which, as they are

among the latest, so likewise are probably to be

regarded as among the best that we possess upon the

subject. He describes these bodies as composed of

very fine filaments, that seem to differ in thickness,

from that of a hair to the finest fibre of silk. These

filaments are each of them enclosed in a delicate

sheath, call neurilema, and in their course down the

nerve they divide, subdivide, and unite again, in the

most varied manner, producing a perfect connexion

among themselves in every part. A number of these

filaments forms a larger bundle or fasciculus, which is

always enclosed in its sheath or neurilema, and these

fasciculi divide and unite in the same way with the

primitive filaments. Most of the nerves consist of

several of these fasciculi, although there are nerves

which contain only a single one, and perhaps some of

the smallest consist only of an individual filament.

The different filaments, as well as the fasciculi, are

tied together by the substance which forms their '

sheaths, and the same body seems to compose the

general sheaths or covering of the whole nerve, pre-

senting altogether a structure which is considerably

analogous to that of the muscle.^

' De Structura Nervorum, c. 1 , . 4, and plates. Mr. Mayo
has conferred an obligation upon the student of anatomy, by pre-

senting him with a translation or abstract of many of Reill's
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For our knowledge of the chemical composition of

nervous matter we are indebted, in the first instance,^

to Thouret^ and Fourcroy/ who gave us some

important information respecting it, and what they

left imperfect has been more lately supplied by Vau-
quelin.^ The general result of these experiments is

treatises, with the accompanying plates. These, which are in

some measure to be regarded in the light of diagrams or plans

of the brain, are characteristic and expressive, but they appear

to me to exaggerate the fibrous structure of the parts, even after

they have undergone the action of the chemical re-agents by

which their substance is hardened, and their natural divisions

rendered more distinct. In speaking of the anatomical structure

of the nerves it may be proper to advert to the curious experi-

ments of Dr. Haighton on the re-production or reparation of

nerves; Phil. Trans, for 1795, p. 190> et seq. It appears from

them that after a nerve has been completely divided, and its

functions totally suspended, it gradually resumes its powers, and

the ends are found to be connected by the formation of a new

substance. We should not previously have suspected that a part

possessed of such delicate functions could have been so easily

restored, or that the newly formed portion, which is obviously

different from the other parts of the nerve, would have proved

adequate to perform the office of the organ in its original state.

* It will be amusing, and may not be altogether uninstructive,

to the student of animal chemistry, to peruse Lemery's account of

the chemical analysis of the brain, written about the commence-

ment of the last century; Course of Chemistry, p. 506.. 10.

Lemery was an intelligent and industrious experimentalist, to

whom the science lies under considerable obligations.

3 Journ. de Physique, t. xxxviii. p. 334. Thouret particularly

pointed out the circumstance of the little comparative tendency of

cerebral matter to undergo decomposition j p. 329-

4 Ann. Chim. t. xvi. p. 282.

5 Ann. Chim. t. Ixxxi. p. 37-
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that the medullary matter is a peculiar chemical

compound, unlike any other of the constituents of

the body ; that in some respects it resembles a sapo-

naceous substance, being miscible with water, and

forming with it an emulsion, which remains for a long

time without being decomposed. Fourcroywas not able

to procure any proper oil from the cerebral substance,

nor to obtain any decisive indication of the presence of

oil as entering into its composition, but Vauquelin

has found in it two species of adipose, or rather

adipocerous matter, which are soluble in alcohol

;

likewise the peculiar animal principle which is called

osmazome, together with a quantity of albumen, a

small quantity of phosphorus, and some salts. The

albuminous matter is capable of being partially coagu-

lated both by heat and by acids, but either it is in a

state of combination, which gives it specific proper-

ties, or it is an essentially different kind of albumen

from that which exists in the blood. The action of

nitric acid upon brain is considerably different from

that which it exerts upon most other animal sub-

stances, in disengaging from it little or no azote;

the gases which it evolves being principally nitrous

and carbonic acids. If brain be gradually heated, a

great proportion of its weight, especially of the cine-

ritious part, is evaporated in the form of water, so

that the solid matter which is left amounts to no

more than about one-fourth of the whole ; this forms

a half-solid friable mass, which may be again reduced

to an emulsion by the addition of water. If alcohol

be digested upon dried brain, a part of it is converted
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into a substance very like spermaceti, but it does no^

appear in what way this change is effected. Purfe'''

potash dissolves brain, and disengages from it a large

quantity of ammonia, and ammonia is also evolved >

from the solution of brain in nitric acid, when it is

much concentrated. A quantity of carbonaceous

matter is left in these processes, and the same takes

place from the action of sulphuric acid. Brain is

found to contain a quantity of saline matter, which!

however^ seems to be less than in many other of the
i

components of the body; it consists principally of the^o

phosphates of Hme, soda, and ammonia. /

§ Si. Vital Powers or Faculties of the Nermus,,^^

System, and the Mode of their Operation.

When we consider the brain and nerves, as formingo)

a part of the living system, our first inquiry must b^d

what properties they possess in common with the othesKq

organs of the body, and what powers they have thatti

are peculiar to themselves. The answer to this ques-

tion may be anticipated from what has been already

stated; ofthe two specific powers that distinguish livingxii

from dead matter, spontaneous motion and sensation,"^^

the first is confined entirely to the muscles, whil^

the latter is equally confined to the brain and nerves.

When a nerve is acted upon in such a manner as that
^j,

its appropriate power is excited, motion is not neceSrlT

sarily produced, nor any other visible change but the^^

animal feels. On the other hand, there are many

cases in which motion is produced that is unattended

with sensation ; of this kind are most of tlie minute

)08

to
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operations that compose the internal functions, of

which, in a state of health, we are perfectly uncon-

scious, and which are only known to us by their

effects>v.i These two powers, therefore, motion and

sensation, although in a great number of instances

they are connected together, being reciprocally the

cause of each other, are not, however, necessarily

connected, either of them may exist separately, and

wjien they are connected it is not in any regular pro-

portion. We conclude, therefore, that it is the office

of the nervous system to produce sensation, but the

way in which this is accomplished, or the succession

of changes by which it is immediately preceded, we

shall find it extremely difficult to ascertain. With

respect to the relation which the different parts bear

to each other, it has been generally supposed that the

brain is the centre of the nervous system, or that

part to which all the others are subservient, and that '

the nerves receive impressions from external objects

•vcjrfn.

^ The separation of the two vital powers is well exemplified in

the very interesting experiments of Mr. Brodie on the action of

poisons on the animal system; Phil. Trans, for 1811, p. 178, et

seq.i We learn from them that certain substances have the effect , r

of destroying the sensibility and the power over the voluntary

muscles, while the action of the heart and of the organic functions^
^

appears to be affected only, as it were, in an indirect manner-
'

The same distinction is still more amply and extensively established

by the experiments of Dr. Philip, to which frequent reference

will be made in the subsequent parts of this work. A similar con- ^

elusion may be drawn from an experiment of M. Magendie's on

the effect of prussic acid; Quart. Journ. v. iv. p. 350.

i
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and transmit these impressions to the brain, \^here

they become sensible to the mind, constituting per-

ceptions.^ This view of the subject is, in the main,

7 I have ventured to employ the terms " sensation" and "per-

ception" in a sense somewhat different from their ordinary ac-

ceptation, but by so doing it appears to me that we avoid part of

the obscurity which attaches to the subject. Sensation is gene-

rally used to express the effect produced on the sensorium by an

impression transmitted to it by a nerve, whereas I think it will be

found more convenient to extend it to all the actions of the

nervous system. It will, therefore, include both the organic and

animal sensibility of Bichat, and the nervous and sensorial powers

of Dr. Philip, while perception, as I would propose to use the

term, constitutes a mode or species of sensation, and is the result

of the latter of these only, corresjionding, to a certain extent, with

Bichat's animal sensibility, and more nearly with Dr. Philip's sen-

sorial powers ; Quart. Journ. v. xiii. p. 97. The " sentiment" of

Mage;ndie and some other French writers, is nearly synonymous

with " perception;" Physiol, t. i. p. l^S ; and Bichat uses the

word tact" in nearly the same sense ; Sur la Vie, &c. p. 8S.

Legallois, however, employs the word " sentiment" as correlative

to " mouvement," expressing nervous action generally, p. 2, et

alibi. . The circumstance of applying the same term to a different

faculty from that to which it had been appropriated by physiolo-

gists of so much eminence as Bichat and Philip, is of itself an

objection to my nomenclature, but I know of no other method of

expressing my meaning clearly, unless by the invention of some

new terra, to which I feel a still stronger objection. Locke,

Essay, b. ii. ch. 1 . § 3, and the other modern metaphysicians, so

far as I am acquainted with their works, make sensation a mode of

perception, the difference between the terms referring rather to

some difference in the degree in which the understanding is

affected, than in the part of the nervous system which is called

into action.
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correct, although the experiments and discoveries of

the modern anatomists have led to some modifications

which must be noticed.

All questions respecting the action of the nervous

system are involved in much obscurity, which, in

some measure, attaches to the nature of the subject.

Although we have found that there are many difficul-

ties connected with the complete understanding of

muscular contraction, yet we may form a plausible

conjecture concerning its mode of action, and can

distinctly trace its operation from its commencement

in the fibre to its effect on the part that is moved.

We do not indeed see how the action of the stimuli

that are applied should cause the particles of the

fibre to approximate, but we can clearly see the con-

nexion between the approximation of the particles

and the consequences that ensue. In the nervous

system, however, we have no phenomena of this kind

to guide our reasoning, and although we can prove

that the nerves are the media by which external im-

pressions are conveyed to the brain, we are totally at

a loss to account for the manner in which the convey-

ance is managed.

In proportion to the deficiency of our knowledge

upon any topic, so is generally the obscurity of our

language, and the terms which we emplo}^, when
speaking of the nervous system and its actions, being

originally metaphorical, and being used in different

senses on different occasions, increase the difficulty of

obtaining accurate ideas upon the subject. Tlie word

sensibility, which is employed by physiologists to

K 2
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express the peculiar power of the nervous system, is

applied in common language to a certain state of the

mind or character, so that before we employ it in

scientific discussions we must begin by discarding our

accustomed associations." Physiological sensibiUty may
be defined, the power which the nervous system pos-

sesses of receiving and transmitting certain impres-

sions, and producing corresponding changes in the

sensorium, but it is essential to notice that these two

operations are not necessarily connected together, or

that it is no necessary part of this sensibility for

these impressions to be perceived by the mind, or to

become perceptions.^ In what particular cases these

^ See note in p. 219.

9 Although the existence of sensation without perception has

been admitted by various physiologists, especially by Cullen,

Whytt, and Bichat, the subject has generally been rendered some-

what obscure^ either in consequence of the hypotheses that have

been connected with it, or the terms that have been employed.

Cullen uses the word " sensation" in a sense considerably different

from the one proposed above, but, it must be admitted, that on

this, as on every other occasion, he expresses himself with great

perspicuity ; Institutions, § 32^ 36, et alibi. Bichat has involved

the subject in his complicated doctrine of the two vital principles,

one serving for organic, the other for animal life. Scarpa cor-

rectly defines " simple sensation " to be nervous action which is

not attended with consciousness ; Tab. Neur. ^21. The subject

is clearly stated by Dr. Park ; he, however, substitutes the term

" reflexion" for " perception ;" but I prefer the latter as being

less metaphorical ; Quart. Journ. v. i. p. 155, et seq. Richerand cor-

rectly divides sensibility into perceptibility, and into sensation with-

out perception ; but he afterwards describes this latter too vaguely,

as being common to every thing that has life, and being diffused

through both animals and vegetables ; El. Physiol, by De Lys,
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powers are exercised separately, or where nervous

action is not succeeded by perception, will be consi-

dered hereafter, but the possibility of the occurrence

is generally admitted.^

Assuming it, therefore, as an established fact, that

the feain and nerves are the primary seat of sensi-

bility, we' must' inquire into the mode by which this

faculty operates. The operation we shall find to be

of two kinds ; the first depending upon the action of

external bodies on the nervous system, the second

upon the re-action of the nervous system itself on

some of the corporeal organs.^ The body is furnished

p. 27. The existence of nervous action without perception is one

of the points which Mr. C. Bell establishes as marking the differ-

ence between his divisions of the nerves j Phil. Trans, for 1821.

' If a new term be thought necessary to express the powd^

which certain parts of the nervous system possess of exciting per-

ceptions, the analogy of our language would suggest percejjtivUi/^

but I have not ventured to introduce either this term or sensitivity

into the text. M. Richerand has employed the word " percepti-

bilite " in the same sense ; El. Physiol, t. i. p. 44.

* In an ingenious experimental essay by M. Fleurens, of whicii

we have an analysis by Cuvier, Ann. Chim. et Phys. t. xx. the

author appears to regard these rather as two distinct powers of

the nervous system, than as different modes of the operation of the

same power ; and probably this opinion will be found to be correct.

But untn we have alarger bodyof facts, or some of a more decisive

nature, it must be considered rather as a verbal distinction, than
as one derived from an accurate knowledge of nervous action, and
which affords us any new ideas upon the subject. We may, how-
ever, observe that the recent investigations of Mr. C. Bell lead us

to a conclusion very similar to that of M. Fleurens, as we find that
different nerves, or at least different nervous filaments, are con-
cerned in these operations. A remarkable instance of the degree
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with certain instruments, denominated organs of

sense, consisting essentially of two parts, a peculiar

conformation of an organized substance, which is spe-

cifically adapted to receive and modify certain impres-

sions, and a quantity of nervous matter suitably dis-

posed for the reception of the impressions after they

have been thus modified. The nervous matter that

belongs to the organs of sense is connected by nerves

to the brain, and these nerves possess the power of

conveying the impressions along their course to this

organ, where they produce perceptions. In this

operation there are three distinct stages, the original

impression on the sentient nervous extremities,^ the

transmission of the sensation along the trunk of the

nerve, and the reception of it by the brain ; and it

may be laid down as a point, proved by the most

ample deduction of facts, that an external impression

cannot be perceived by the mind, without going

through the successive steps of this process.

One of the most important of the external senses

is the touch ; it is extended over a great part of the

surface of the body, but its most delicate seat is the

points of the fingers. When a substance presses

upon the finger, some peculiar change is induced upon

the expansion of nervous matter, which is connected

in which the judgment is perverted by preconceived hypothesis

occurs in the writings of Baglivi, a physiologist of genius and

originality, who supports the doctrine, that the proper sensibility

of the nerves resides in their membranous coats ; De Fibra

Motrice Spec. lib. i. cap. 5. corol. 4.

3 Cullen's Physiol. § 29, 30.
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with the cutis ; a certain effect is immediately pro-

pagated along the nerves that lead from the hand to

the brain, and a third change is then produced in

the brain itself That these three successive changes

are all concerned in the operation is proved by daily

experience, in v^^hich we find that if either the organ

itself be injured, the nerve be interrupted in its

coui*se, or the brain be in any way deranged, the

proper effect does not follow from the application of

the impression. The example of the eye, another of

the organs of sense, may be adduced, as affording a

still clearer conception of the subject, the impressions

of sight being of a more distinct and specific kind

than those derived from the touch. The eye is an

optical instrument, consisting of a lens, which is

adapted for receiving the rays of light, and bringing

them into a proper state for forming an impression on

the retina, an expansion of nervous matter, that is

situated at its posterior part. The action of the lens

upon the rays of light is entirely mechanical, and diflPers

iii no respect from the effect that isproduced upon them

by a transparent substance of the same shape and

density. The nervous expansion at the back of the

eye is connected with the optic nerve, and this commu-

nicates directly with the under part of the brain. Now
it is found as necessary for vision that the nerve should

be in a perfect state as the eye itself, and we always

find, that although both the eye and the nerve be

perfect, if the brain be diseased, the correct perception

of sight is not excited. We cannot, indeed, perform

direct experiments upon those organs of the external
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senses that are situated in the immediate vicinity of

the brain, as the eye and the ear, in consequence of

the short course of tlieir nerves, and the impossi-

bility of coming into contact with them, without

deranging parts immediately essential to life; but

there are many pathological facts which prove the

necessity for the entire state both of the organ of

sense and the communicating nerve. Blindness and

loss of hearing are as certainly produced by an affec-

tion of the optic and auditory nerves, or by any cir-

cumstance which prevents them from performing their

accustomed actions, as by a disease of the eye and

the ear itself, and without any physical derangement

of the part, we have frequent examples, where mere

pressure upon the nerves produces the same effect,

and where, upon tHl" removal of the pressure, the

faculties of the organ are again restored.

The second mode in which the nervous system

operates is by its re-action on some of the organs of

the body, an operation which, with respect to the

succession of events, is the reverse of the one which

has been described above. Of the actions of this

description one of the most important to our exist-

ence, and the most frequently exercised, is the faculty

of voluntary motion. Here the affection originates

in the brain, in which some change takes place ; this

is transmitted down the nerve into the muscle, where

an effect is produced on the fibre, which causes it to

contract, and in this, as in the former case, all the

three stages are equally essential. I do not at present

enter into any discussion concerning the nature of
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these changes, but propose merely to point out the

order of their succession, and their dependence upon

each other. Now, in this instance, in consequence

of the space which intervenes between the parts

where the action commences and terminates, we have

the most ample means of observing the necessity of

the integrity of the nerve as the medium of commu-

nication. If the nerve be divided in its course we

may exert the volition, and produce the necessary

change in the brain, but no motion will ensue in the

muscle ; at the same time our own feelings will

not indicate to us that any thing has occurred out of

the ordinary course of events, and we are only aware

of the defect by finding ourselves unable to produce

the desired contraction. And we have it in our

pawer to prove that, in this case, the defect does not

depend upon the morbid condition of the muscle,

because if we irritate the nerve just below the point

where it is divided, we find that the muscle will con-

tract, in the same manner as if a similar kind of

irritation had been applied to the nerve in its entire

state. We may also extend the same kind of trial

to the brain, for by irritating the upper part of the

nerve, above its division, we shall have a sensation

produced in the brain, similar to what would have fol-

lowed the application of the same stimulus to the

remote extremity of the nerve.

We perceive that the two modes in which the

power of sensibility operates, as far as the order of

the phenomena is concerned, are exactly the reverse

of each other, but that the same parts are called into



250 How do the Nerves act ?

action, and arc equally connected together.^ We
may then conclude that sensibility is the appropriate

and exclusive faculty of the nervous system, and that

it has two distinct modes of action, the one originat-

ing from external impressions, which arc propagated

from the extremities to the centre, the other depend-

ing upon a change in the brain itself, whicli pro-

ceeds in the contrary direction, from the centre of

the nervous system to its extreme parts. Besides

these physical functions of the nervous system, there

are others, which either belong to it, or are, at least,

always connected with it, of an intellectual or moral

kind, which constitute the science of metaphysics

;

so far, however, as they are attached to the corporeal

frame or affect its functions, they will be considered

in a subsequent part of the work. v'

Having ascertained that the nervous system is the

organ of sensibility, either as proceeding from external

impressions carried along the nerves to the brain, or

transmitted by them in the contrary direction, from

the brain to the voluntary muscles, our next subject

of inquiry must be, in what manner is this operation

effected? The question may be thus stated in direct

terms. When an impression made upon an organ of

sense is transmitted by a nerve to the brain, or when

the exercise of volition is communicated to the nerve,

so as to produce the corresponding effect upon the

4 This remark must be understood in a general sense only, as

from some recent discoveries there is reason to conclude, that these

two powers or operations arc actually exercised by different por-

tions of nervous matter.
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muscle, what change does the nerve experience, or in

what way is it acted upon, so as to admit of this

transmission ? Three hypotheses have been invented

to account for this power of the nerves; the one

which is the oldest, and has been the most generally

received, is, that the brain and nerves are provided

with a certain fluid, called the animal spirits, which

serve as the medium of communication between the

different parts of the nervous system ; the second

supposes that this transmission is effected by means

of the vibrations or oscillations of the particles of the

nervous matter itself; while the third ascribes the

action of the nerves to the operation of electricity.

The hypothesis of the animal spirits is popularly

ascribed to Descartes, and he may, perhaps, be consi-

dered as the person who reduced it to a regular form,

and contributed, by his authority, to its general recep-

tion, although traces of it may be found in the

writings of Hippocrates/ The principal ground of

this hypothesis seems to have been the idea that the

brain is a secretory organ, an idea which was sug-

gested by the great quantity of blood sent to it, and

by some supposed resemblance in its structure to other

secreting glands.^ Yet, as nothing cognizable by the

senses is produced by it, it was concluded that it

must secrete something of a subtile or ethereal nature,

peculiarly suited to the performance of the functions

which belong to the brain, and which are so unlike

s On this point it will be sufficient to refer to the learned work

of Dr. Good, Study of Medicine, v. ii. p. 22, et seq.

Descartes, TractuUis de Uomiuc, § 14.
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those of other material substances. It must be recol-

lected, that about two centuries ago, every thing that

could not be otherwise explained was referred to the

agency of some kind of refined spirit, an idea which

appears to have been originally derived from the

alchemists, and, after being incorporated with the

metaphysics of the age, gave rise to a long train of

mysticism. Almost every philosopher of that period

adopted more or less of these notions. Newton's

ether is well known to have proved an abundant

source of speculation to multitudes of those who

called themselves his followers, and who seem unfor-

tunately to have copied almost the only eiTor which

this great man committed. Upon this slender founda-

tion was built the hypothesis of the nervous fluid,

or the animal spirits, as they have been temed
;

yet their existence was assumed as an ascertained fact,

and even their different affections and diseases were

spoken of with as much confidence as if the authors

had been treating upon something which was the

immediate object of their senses, and with which

they were perfectly familiar.^ The doctrine of the

7 Haller devotes no less than ten pages of his great work. El.

Phys. X. 8. 11 . . l6, to learned discussions respecting the nature of

this imaginary agent, inquires whether it be albuminous, spi-

rituous, acid, sulphureous, aeriform, or ethereal, and concludes that

it bears a resemblance to what has been termed the spiritus rector

of plants, a substance nearly as little understood as the one which

it is intended to illustrate. The respect which must always attach

to whatever comes from Haller's pen prevents those reflections

which we might be inclined to make on the occasion, and we are

induced rather to lament the low state of physical science when
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animal spirits has likewise become a subject of popular

belief, aud has given rise to a variety of expressions,

that are every day employed in our common language.

There does not, however, appear to be the least

shadow of proof of their existence, either from expe-

riment or observation ; there is no analogy in their

favour, the structure and physical properties of the

nerves do not seem adapted to the ojQSce that has been

assigned them ; and, in short, the whole is an hypo-

thesis entirely unfounded and quite gratuitous.^

The hypothesis of vibrations had been imperfectly

stated by many of the earlier physiologists, but it lifsjas

so much detailed and embellished by Hartley, as to

be, by common consent, connected with his name*^,

lie wrote, than to impute to him any deficiency of judgment.

Stuart, in his learned dissertation, on the structure and action of

muscles, thus defines the nervous fluid ; " tenuissimum, dulcis-

simum, mobilissimum, et minime cohoerens, aut coagulationi

obnoxium sanguinis ;" C. \. § 13. Its existence is advocated by

Sabatier, t. iii. p. 224, and Boyer, t. iii. p. 311. Plenk devotes

a section to the description of its physical properties, many of

which, however, it must be allowed are negative ; Hydrologia,

p. 49. It is indirectly admitted even by Cuvier, Regne Anim. t. i.

p. 31. and more directly by Dr. Good, v. iii. p. 24 . . 27.

8 Does not the curious fact which has been established in the

late controversy respecting the effect of dividing the eighth pair

of nerves, that the nervous influence may be transmitted along a

divided nerve, even when the parts are one-fourth of an inch
asunder, afford a direct argument against the idea of this influ-

ence depending upon the passage of a subtile fluid ? See Quart.
Joum. v.xi. p. 325, and v. xii. p. 17.

9 The hypothesis of vibrations was very explicitly laid down
by N. Robinson, who published his treatise on the spleen some
years before Hartley's " Observations " appeared ; to the general
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According to this doctrine the action of the nerves

consists in a vibration of the particles of which they

are composed, by which impressions are transmitted

along them, and conveyed to and from the brain in

perception and volition respectively.^ This hypothe-

idea of the vibratory action of the nerves he also subjoins the

additional speculation of the " maehinulae/' which bear a close

resemblance to the " vibratiuncles New system of the Spleen^

&c. p. 1. c. 7. Some of the French metaphysicians, especially

Condillac, preceded Hartley in supporting the doctrine of vibra-

tions : Condillac's work on the senses was published about two

years before Hartley's.

« Strictly speaking, the hypothesis of vibrations should be sub-

divided into the opinions of those who suppose that the particles

of the medullary matter itself are the agents, or that there is dif-

fused or dispersed through them a subtile ether which acts the sole

or the principal part. Hartley adopts the supposition of the

intermediate action of the ether, p. 21, and by thus encumbering

his hypothesis with this imaginary agent deprives it of its only

recommendation, that of simplicity. If we could conceive how

the ether can receive all the various modifications of external

impressions, and transmit them to the nervous particles, there

would be no difficulty in dispensing with the operations of the

ether. Dr. Young's view of the subject coincides, in a considerable

degree, with Hartley's, except that for the hypothetical ether, he

substitutes the electric fluid ; See Med. Lit. p. 99> 100; and

Lect» V. i. p. 740. Blumenbach more directly and explicitly admits

the plausibility of the doctrine of a nervous fluid, which is

thrown into oscillatory vibrations by the action of stimulants
;"

and, as if not satisfied wish the two hypotheses, he argues in

favour of the similarity of nervous action and the elective in-

fluence. Nor does he stop even here, but goes on to state that

by the oscillations of this ether. Hartley " very ingeniously

explains the association of ideas, and again, by the assistance ot

this, most of the functions of the animal faculties;" Physiol.
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sis has the advantage over that of the animal spiiits,

inasmucli as it does not assume the existence of any

imaginary agent, but it may perhaps be questioned

whether it possesses any other recommendation. We
have no more direct evidence of the vibration of the

nervous matter than of the fluid of the Cartesians, and

we may remark that the general aspect and structure

of the nerves appear perhaps less adapted to vibration

than to secretion. The principal arguments that

have been adduced in favour of the Hartleian hypo-

thesis are certain facts, in which it seems that when

an impression has been made upon an organ of sense,

the effect is continued for some time after the im-

pressing cause is removed, and that it gradually sub-

sides in a way which was thouglit most analogous

to a vibratory motion.^ The facts to which I

refer occur particularly with respect to the sense

of sight, and will be detailed when I come

§ 226'. It cannot but excite some surprise to observe the facility

with which so eminent a physiologist and naturalist becomes

involved in such an intricate tissue of unfounded speculations.

His judicious and intelligent commentator, Dr. Elliotson^ very

candidly admits the futility of the whole train of deductions ; see

his note in loco- With respect to the hypothesis of vibrations I

may remark, that the fact alluded to above, of the transmission

of the nervous influence through the interval between the paitsof

a divided nerve, seems more decisive against this speculation than

against that of a nervous fluid. The solution of continuity must
certainly put an effectual banier to the propagation of the ^dbra-

' tpry or oscillatory action.

2 Hartley on Man, c. i. § i. prop. 3, et seq. ; Belsham's Ele-

ments, c. iii. § 4
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to give an account of this faculty, and I shall

defer to that part of the work the further considera-

tion of the hypothesis of vibrations, as its merits

will be better understood when we have made

ourselves more fully acquainted with the nature of

the external senses

The electric hypothesis is of modern origin, and

has indeed scarcely yet been brought forward in an

arranged and methodical form. It principally rests

upon various experiments that have been made by

Dr. W. Philip, and other English physiologists, to

elucidate the laws of the nervous system, in which it

appeared that when a nerve was divided, so as entirely

to intercept the transmission of its action, the place of

the nerve might be supplied by a galvanic apparatus.'^

The further examination of this hypothesis must be

3 Valli's speculations on the action of the two metals upon the

parts of living animals led him to assert the identity of electri-

city and of the nervous fluid ; Journ. de Phys. t. xli. passim.

The same opinion is, to a certain extent, countenanced by Dr.

Young, Lect. v. i. p. 740, and was formed previously to the ex-

periments of Dr. Philip. Mr. Abernethy goes still further;

for he seems strongly inclined to regard some subtile fluid, analo-

gous to electricity, not merely as the prime agent in sensation,

but as even constituting the essence of life itself : singular as it

may appear, we find this highly respectable and intelligent writer

sliding into materialism, at the very time when he is directing

the force of his genius against this doctrine. See Lectures on

Hunter's Physiol, p. 26, 30, 35, 80, et alibi. It is scarcely neces-

sarj"^ to observe that, metaphysically speaking, the subtile or ethe-

real agents that are called in to aid in our explanation of the vital

phenomena, are as truly material as the densest stone or metal.
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likewise deferred, until we have had an opportunity

of considering more minutely the nature of the facts

on which it is supported, especially those connected

with the functions of secretion and digestion.^

J
3. Use of the Nervous System.

The uses of the nervous system, the subject which

we are next to consider, may be resolved into two

first, to maintain our connexion with the external

world, by receiving external impressions and produc-

ing voluntary motions; and secondly, to unite the'

different parts of the animal frame into one whole.^

Although it is possible to conceive of a kind of

4 Although the full consideration of this hypothesis is deferred

until we come to that part of the work which treats more imme-

diately of the facts from which it is derived, I may anticipate the

discussion so far as to remark, that, before the electric hypothesis

can be considered as proved, two points must be demonstrated ; first,

that every function of the nervous system may be performed by

the substitution of electricity for the action of the nerves; and

secondly, that all the nerves admit of this substitution. We must

not rest satisfied with its apparent action upon the stomach, which

is at best a dubious case, as far as the operation of the nerves is

concerned; we must show that volition can be transmitted by the

electric fluid, and that tliis fluid is equally capable of stimulating

the nerves of the involuntary, as of the voluntary muscles.

5 The researches of Mr. C. Bell lead to the conclusion that these

two functions of the nervous system are exercised by different

descriptions of nerves ; the first by certain cerebral and spinal

nerves, which pass directly from the brain or spinal cord to the

organ which receives the impression ; the second by those which

pass from one organ to another, including what he terms the

superadded system of nerves.

VOL. I. S
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independent existence being carried on, at least for a

limited space of time, in which the animal should be

cut off* from all surrounding objects, and in whicli

the exercise of his functions should be confined to the

simple continuance of life, this state of insulation

could not be long maintained, and even while it

lasted would be attended with the suspension of all

those circumstances which render life desirable. We
are, at every instant, receiving impressions from the

objects which surround us, some of them for the

immediate purpose of supplying our corporeal frame

with the materials necessary for its support, and

others acting more directly upon the mental faculties,

and producing a species of re-action upon some of the

organs of the body, by which we are led to accom-

plish those objects, which are scarcely less essential

to our present state of existence, than what contri-

butes to its immediate physical support. Now in

consequence of its power of receiving and transmit-

ting the impressions of external objects, the nervous

system is the great apparatus by which these effects

are accomplished.

Nor is the second use of the nervous system les

important, that of uniting the various parts of th

animal frame into one connected whole. The dif-

ferent functions which depend upon contractility,

such as the circulation, respiration, and digestion, have

all no doubt a necessary connexion with each other.

The circulation could not be carried on unless the

digestion produced the materials of which the blood

is composed ;
respiration must cease unless the heart
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propelled the blood through the lungs ; and digestion

can only be performed by the blood being conveyed

to the minute arteries of the stomach, after it has

received its proper action in the lungs. But still, if

we may use the expression, the dependance of these

functions upon each other is a kind of mechanical

dependance. We may conceive of a being that should

have all these operations going forward, according to

their respective laws, yet that there should be no

consciousness of identity, and no connexion between

these operations, except the physical relation which

they bear to each other. If, for example, we could,

by a mechanical operation, propel the blood along the

arteries, and, at the same time, by artificial means,

produce the alternate motions of the lungs, we might

imagine it possible to procure a supply of arterial

blood, which, when conveyed to the stomach, might

act there so as to cause this organ to digest the sub-

stances contained in it, and to prepare from them a

quantity of nutritive matter for the purpose of san-

guification.

Probably the life of vegetables consists in this kind

of physical connexion between the different functions,

in which, by mechanical and chemical actions alone,

a succession of changes takes place merely depending

upon the physical operation of various external agents.

This may be considered as nearly coinciding with the

organic life of Bichat.*^ In the supposed case of the

animal, as stated above, if we only conceive a force

6 Sar la Vie et la Mort, p. 3.

S 2
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to be applied, so as to set the fluids in motion, we
might imagine the rest to be accomplished by the

ordinary properties of matter, exercising its attrac-

tions and affinities, as the diffisrent substances are

brouglit within the sphere of their mutual action.

But still the being would be no more than a species

of automaton, without homogeneity and destitute of

consciousness. The nerves, on the contrary, pervade

every part, and give to the whole set of organs and

functions a necessary vital dependance upon each

other, so as to bestow upon the animal the feeling of

individuality, and to connect all its operations with-

out any visible change in its structure and composi-

tion. A great part of the sciences of medicine and

of pathology consists in tracing the operation of this

nervous connexion between the different parts of the

body, and observing the effects which are propagated

to distant organs or functions by the affection of any

single organ or function. And this connexion is not

of that kind which we may denominate physical,

where the change is extended to remote parts in con-

sequence of an alteration in the mechanical or che-

mical constituents of the body, but it is to be referred

to that sympathetic connexion between the parts,

which can be accounted for upon no other principle

but the operation of the nervous energy.

The information which we gain by investigating

the anatomy of different kinds of animals, and com-

paring them with the human subject, confirms and

illustrates this idea of the use of the nervous system.

It is remarked by Blumcnbach, that in the cold-



Semorium Commune. Q61

blooded animals, where the size of the brain bears

only a small proportion to that of the nerves proceed-

ing from it, there is much less sympathy between the

different organs and functions of the body, while, at

the same time, each separate part possesses a greater

share of individual vitality. This we see exemplified

in the length of time during which life remains

attached to their limbs when divided from the body,

the power which some of them possess of re-producing

parts that have been removed, and, as we descend

lower in the scale of organization, the still more

extraordinary power of being multiplied, like vege-

tables, by mechanical division.^

This view of the subject will serve, in a great

measure, to answer a question, which was formerly

the subject of much controversy among physiologists,

whether there be, what has been termed a sensorium

commune, a part of the nervous system, from which

volition originates, and to which all impressions are

referred or conveyed, before they excite perceptions.

The question has been proposed in another form,

although essentially of the same import, whether,

when an impression be made upon an organ of sense,

as, for example, upon the eye, the perception exists

in the eye or the brain ? Is the last change which

takes place, immediately previous to perception, an

action of the nervous matter that is connected with

the eye or of the brain itself? The general result of

7 Blumenbach, Specim. Physiol, p. 20 ; Ebel, Observ. Neur. in

Ludwig, Scrip. Neur. t. iii. p. 152.
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our experience leads us to conclude that there is a

common centre of perception, and that in the human
species it exists exclusively in the hrain.^

The proof of the existence of a common sensorium

depends upon the facts that have been referred to

above, where impressions made upon an organ of

sense are not follovv^ed by a perception, provided the

nervous communication between the organ and the

brain be destroyed or injured. And the same con-

clusion seems to be confirmed by a series of facts the

reverse of these, where, when an effect has been pro-

duced upon the brain, similar, as we may suppose, to

one which had, on some former occasion, been trans-

mitted to it from an organ of sense, it has excited the

idea of an external impression, although the organ of

sense may have been destroyed. This is the case

with persons who, after having arrived at maturity,

have had the eyes entirely destroyed, yet such indi-

viduals continue to dream of visible objects, and are

able to recal visible ideas with perfect facility. It is

partly also upon the principle of the actions of the

brain producing effects similar to those that follow

from impressions upon the extremities of the nerves,

that we account for the mistaken perceptions that are

experienced after the loss of a limb, which are fre-

8 The word braiti is here employed in its most extensive sense,

to signify all the parts of the nervous system except the nerves

and the spinal cord. We have some reason to suppose that the

medulla oblongata is more immediately essential to certain nervous

operations than either the cerebrum or cerebellum.
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quently not to be distinguished from those that for-

merly existed in the part.^

In man, as has just been stated, the sensorium

appears to be exclusively confined to the brain, but as

we descend in the scale of beings, to those whose

functions, and especially whose nervous functions, are

less perfect, it would appear that the sensorium is

more extended. In some of the amphibia we may

conjecture that the spinal cord partakes with the

brain in all its faculties, and, as we advance to animals

that have a still simpler organization, the brain

entirely disappears, and the spinal cord seems to be

substituted in its place. There is, however, reason

to doubt whether, in this case, the animal possesses

any degree of what can properly be called perception,

and whether the sole object of its nervous system may

not be to convey impressions from one part to another,

which are necessary for the functions of the animal,

but which do not excite any ideas of consciousness.

The same kind of communication by means of

nerves, which we have found to be necessary with

respect to the brain, is equally so with respect to the

spinal cord, which may be regarded as a common
centre for the greatest part of the nerves that supply

9 Porterfield on the Eye, v. i. p. 364. The peculiar feelings

experienced by those who have lost a limb, which is described by
the author as occurring in his own person, probably depends in

part upon another cause, the comparison which they make between

the sound and the mutilated extremity ; an individual who was
born without legs, or who had lost both of them in infancy, would
never have these false perceptions.
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the muscles of voluntary motiou. When the spinal

cord is compressed or divided in any part, the limbs

that are supplied with nerves which branch off from

it below the injury, are palsied. If the injury take

place near the lower extremity of the spine, the

lower limbs alone become insensible, and, as none of

the functions essential to life are affected, the patient

lives with all his faculties and powers unimpaired,

except that of loco-motion. The nearer to the head

the injury is situated, so much more extensive is the

derangement of the different functions; and there

are cases upon record, where, after a dislocation or

fracture of some of the cervical vertebrae, all power

has been lost over the voluntary muscles, and the

functions of the abdominal and thoracic viscera have

been nearly suspended ; yet, for the short time that

life was capable of being continued under these cir-

cumstances, the cerebral functions and the mental

faculties have remained in a sound state.

Considering, therefore, the brain as the centre of

perception, it necessarily follows, that an injury to

this organ is attended with a diminution or loss of

sensation to the whole system, although each of the

organs of sense and motion may be individually in a

sound state. This is proved by our daily experience

of the effects of external violence upon the brain,

and of various diseased states, either of the nervous

matter itself, or of other bodies in its vicinity, such

as tumours of the skull, thickening of its membranes,

or effused fluids of any kind, pressing upon the

surface of the brain or contained within its cavities.
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One of the most frequent causes of the loss of nervous

power is pressure, and this may take place without

any permanent injury to the part compressed, for we

frequently observe that when the pressure is removed,

the organ resumes its ordinary functions.^

A question has been asked respecting the organs of

voluntary motion, which is analogous to the one that

has been noticed above respecting the organs of sense.

When we exercise our volition, and produce muscular

contraction, is the first effect of volition some change

in the brain itself, or does the will act immediately

upon the muscles? The question may perhaps be

regarded as merely a verbal one, or at least as

involving more of a metaphysical than ^ physical

inquiry, and it must be acknowledged that, like

many others connected with the nervous system, it is

one to which we are unable to give a decisive answer.

Analogy is, however, strongly in favour of the opinion

that some change ensues in the brain itself, and that

this change is the cause of a subsequent change in

the nerve, and this again of the change in the muscle.

The division of the communicating nerve produces

' The case of the Parisian beggar, which has been brought

forwards to explain the nature of sleep. Hartley on Man, v. i.

p. 4>6, although it does not correctly apply to that state, is a good

illustration of the effect of pressure in producing a temporary

abolition of the nervous functions. To the same cause may
probably be referred, in part at least, the coma which was observed

to ensue in the experiments of M. Rolando upon deep-seated

injuries of the brain, which must have been necessarily attended

with a considerable effusion of blood in the interior of the organ

;

Magendie, Journ. de Physiol, t. iii. p. 95, et seq.
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the same loss of voluntary power that it does of per-

ception, and although the process be reversed, as to

the order in which the parts are affected, each sepa-

rate step in the process may be supposed to be equally

essential in the one case as in the other.

Although this mode of reasoning has been gene-

rally adopted by the modern physiologists, a contrary

doctrine was maintained by many of the writers of

the last century, and especially by the Stahlians. It

was conceived to be a necessary consequence of their

hypothesis, respecting the connexion between the

muscular and the nervous systems, that the soul, as

they termed it, is co-existent with the different parts

of the body, and is extended through all the organs

of sense and the parts subservient to motion. The

disciples of Stahl supposed the soul to act directly

upon every part of the body, and to be immediately

concerned in every vital function, whereas the oppo-

nents of this doctrine maintained that the soul acts

only upon the brain, and is immediately concerned in

the sensitive and intellectual functions alone.^ I

shall have occasion to state my objections to the

Stahlian hypothesis hereafter, but I may remark in

this place, that even were it to be admitted, the above

consequence does not necessarily follow from it.

We have now, therefore, proceeded so far as to

conclude that the brain is the common centre of the

nervous system, to which all the impressions of exter-

nal bodies on the extremities of the nerves are

» See HaUer, EL Phys. x. 8. 24.
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referred, and from which originate all the actions that

are executed by the organs under the control of the

will.^ Physiologists, however, have not been satis-

fied with assigning the brain generally as the seuso-

rium commune ;
they have been anxious to find out

some particular portion of it which might be regarded

as the more essential organ to which all the rest are

subservient. The investigation is a curious one, and,

although it may have been rendered ridiculous by

the whimsical opinions to which it has given rise, it

is in itself a legitimate object of inquiry. It may be

regarded as essentially the same, although expressed

in more correct language, with the discussion which

occupied so much of the attention of the older meta-

physicians and physiologists, respecting the seat of

the soul, by which word, so far as they had any accu-

rate notions upon the subject, they appear to have

intended to express the organ of perception and voli-

tion, or rather that material organ to which these

faculties are attached, or through which they operate.

There are many circumstances with respect to the

structure and organization of the brain, which have

led to the supposition, not only that its various parts

must each of them exercise some peculiar function,

but that certain portions of it possess the specific

3 Haller, El. Phys. x. 8. '23 ..25. The agency of the brain

is here extended to every operation of the nervous system in which

either perception or volition is concerned; in simple Nervous

action, as, for example, in that which is carried on between the

difFcrcnt abdominal viscera, we have no evidence that any parts

are concerned except the nerves themselves.
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powers of the nervous system in a much greater

degree than others. The fihrous or striated appear-

ance of the brain, which has been lately so much
attended to by anatomists, seems also to lead to the

same conclusion, as the uniform direction of these

strias and their regular disposition, converging to

certain parts of the cerebral mass, would induce us to

regard them as analogous to the fibres which compose

the nerves, and intended to convey the nervous influ-

ence to some particular organ, which is more essentially

or necessarily concerned in perception.

It would be an unprofitable waste of time to relate

the various notions that have been entertained upon

this subject, as they are, for the most part, purely

hypothetical, and destitute even of a shadow of proof.

It may be proper, however, to notice an opinion that

prevailed at one time among some eminent physiri

ologists, that the immediate seat of perception is not

in the brain itself, but in the investing membrane,

an opinion evidently connected with the mistaken

hypothesis derived from the ancients, respecting the

sensibility of membrane generally, to which I have

already had occasion to refer, and which, as we shall

afterwards find, was applied to many other parts of

the animal oeconomy. There is also another opinion

on this subject that may be noticed, but certainly

more in consequence of the celebrity of the name to

which it is attached, and to the favourable reception

which it experienced among men of science, than of

its intrinsic merit. I allude to the idea of Descartes,

who pointed out the pineal gland as the peculiar
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organ of the nervous functions, or, as it was termed,

the seat of the soul.^ The pineal gland is a small

projection at the basis of the brain, which, in many

respects, is curiously organized, and appears to be

carefully protected from external injury. It was

therefore conjectured that it must serve some impor-

tant purpose, and this conjecture appeared to be con-

firmed by the circumstance that, upon examining the

brains of certain idiots, they were found to contain a

quantity of earthy matter. This sand was supposed

to be an extraneous substance which, from accident

or disease, was lodged in the part, and impeded its

functions, and, a connexion thus appearing to exist

between a disease of this part and an imperfection in

the nervous powers, it was concluded to be the imme-

diate seat of these faculties. There was some plausi-

bility in this reasoning. But Descartes, although a

man who very effectually promoted the progress of

* Tractatus de Homine, Pars Quinta. This organ is thus

described "by Muraltus ; " Haec (glandula pinealis) radicibus qua-

tuor, aliquando binis, aliquando unica, insignibus medullaribus,

i. e. nervis omnibus in compendio junctis suffulcitur : haec omnium

objectorum motus excipit : anima in hac sola per hos motus sen-

silia externa, et omnes ideas, quae a sensibus proficiscuntur, appre-

hendit, tanquam in centro, &c. Clavis Medicinse, p. 508. (1677.)

A perspicuous abstract of Descartes' system may be found in

Sprengel, Hist, de la Med. t. v. sect. 5. ch. 4. He informs us, con-

trary to what is commonly related, that the existence of earthy

matter in the pineal gland was first detected by Huet. For the

form of the organ and its connexion with the other parts of the

brain, see Vicq d'Azyr, pi. 8. fig. 1. Nos. 17, 18 ; pi. 12. No. 14 ;

pi. 13. No. 14; pi. 14. No. 20; pi. l6. No. 45. This splendid

performance may be admitted to supercede every other reference.



270 Ej}ect of Injuries oi- Diseases.

knowledge, lived before the full establishment of the

inductive method of philosophizing. He neglected

to inquire into the natural state of the gland ; it has

been since found that, in the adult human subject,

earthy matter is always present in it, and indeed

composes a considerable part of its substance/

The investigation of the particular seat of nervous

sensibility has been dihgently prosecuted by some of

the modern anatomists, and they have undoubtedly

proceeded upon a more correct plan, if they have not

been more successful in their result. They have not

been satisfied with mere conjecture, but, in order to

discover this supposed seat of sensibility, they have

adopted two modes of inquiry.

According to the first, they have examined the

brain after it has been injured by accident or disease,

and have noticed what effects have been produced

upon its faculties ; whether the destruction of any

particular part has been followed by the loss of any

particular faculty ; or whether there is any one part,

the destruction of which seems to be necessarily con-

nected with the total loss of the sensitive functions.

But although many accurate examinations have been

5 Blumenbach's Physiol, p. 125 ; and Comp. Anat. by Laurence,

p. 296. Soemmering, De A9ervulo Cerebri Dissertatio, in Ludwig,

Scrip. Neur. t. iii. p. 322. An analysis is given of the earthy

matter, but it is not sufficiently accurate to enable us to ascertain

its nature ; it seems to indicate that it contains lime, and it is

stated that the oxalic acid enters into its composition, p. 337-

See also Soemmering, Corp. Hum. Fab. t. iv. § 52, et Wenzel de

Penit. Struct. Cereb. p. 31 6.
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made, and many curious facts that bear upon this

point have been brought forward,^ nothing very

important seems to have been established, except

that the medullary matter in general is more sensible

than the cortical. It seems likewise to be proved

that the sensibility of the medullary part itself

increases as we proceed nearer to the centre of the

brain, where we also find a much more elaborate

system of organization and a much greater variety

of separate parts, all of which we may fairly conclude

serve some appropriate purpose connected with the

nervous powers. Indeed, the result of our examina-

tion of the brain, after it has been injured or diseased,

is that it is capable of undergoing a much greater

degree of disorganization in its mechanical structure,

than could previously have been supposed compatible

with the maintenance of its functions, without their

being very materially affected. With respect to the

more external portion of the brain, it is well known

that it may be pierced or cut, or even that large

masses of it may be removed without any very mate-

rial effect being produced upon the perceptive facul-

ties,^ and we frequently find that large abscesses are

6 Haller, El. Phys. x. 7- 22.

7 This was very remarkably exemplified in the experiments of

M . Legallois and Dr. Philip, and in some that have been made
more lately by M. Flourens, of which we have an analysis by

Cuvicr, Ann. Chim. et Phys. t. xx. Sir Everard Home's expe-

rience leads him to a conclusion still more singular, that all the

functions of the brain remain after the destruction of the whole

of its medullary matter; Phil. Trans, for 1821, p. 31. See like-

wise Monro on the Brain, p. 38, with the references ; and Diet.
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formed in it, or tumours and excrescences of various

kinds, which, if they do not compress the remaining

part of the brain, seem to produce little injury to its

functions. There are also many curious and well

authenticated pathological facts on record, where

different parts of the medulla of the brain have been

destroyed, and even those which, from their situation

with respect to the organs of sense, might have been

supposed the most essential, and yet the nervous

powers have remained nearly in their ordinary state.

The facts that have been observed with respect to

hydrocephalus bear immediately upon this question,

and lead to conclusions that are very unexpected.

When the water collects in the ventricles that are

near the base of the brain, if the skull yields to tlie

des Scien. Med. Art. " Hydrocephale/' t. xxii. p. 243, et alibi,

by Itard. This is also the inference that we are to draw from an

amusing, although not very scientific paper in the Edinburgh

Review, vol. xxiv. p. 434 ; if we adopt implicitly all the state-

ments that are brought forward in this article, it would be very

difficult to assign any use for the brain. Of the two most

remarkable cases quoted, that taken from Dr. Quin, it may be

remarked, is vaguely and briefly related, and is moreover anony-

mous ; On Dropsy of the Brain, p. 104. The other case, whicli

was very minutely described by Dr. Heysham, is, on many

accounts, deserving of our attention, and serves to show in a

remarkable manner the independence of the contractile functions

upon the nervous system, but it does not throw much light on

the connexion , between the brain and the sensitive functions. I

may be allowed to observe that the reasoning of Dr. Hull would

have been more perspicuous had the terms employed been used in

a more definite manner ; the essay is, however, a valuable collec-

tion of facts ; Manchester Mem. vol. v. p. 475.
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distending force from within, and the pressure be not

too suddenly applied, the bones separate and the skull

becomes enlarged to an immoderate size. When the

head is examined after death, the cavity of the skull

is found to be filled with a fluid, surrounded by a

kind of bag of cerebral matter. Until lately it was

assumed as an obvious and well ascertained fact, that,

in these cases, a considerable part of the brain was

actually removed by the absorbents ; but even if,

according to the statement of Dr. Gall and some of

the continental anatomists, the substance of the

brain is not actually diminished, still its texture and

organization must be very materially deranged.^

8 The opinion, that in those cases of hydrocephalus where the

skull allows of the extension of the size of the head, and the con-

sequent formation of a large central cavity, the substance of the

brain is not actually removed, but has only the relative situation

of its parts changed, was maintained by Sir Everard Home,

probably before it had been promulgated by the continental anato-

mists. In the Phil. Trans, for 1814, p. 474, after giving an

account of a case in which the head had acquired an enormous

size, while the mental faculties were but little impaired, he adds,

" The cerebrum is made up of thin convolutions of medullary and

cortical substance, surrounding the two lateral ventricles, which are

unfolded when the cavities of these ventricles are enlarged, and

in this unfolded state the functions belonging to this part of the

organ can be carried on." As the brain in this case was not exa-

mined, we may infer that the above conclusion was derived from

dissections of morbid brains that had been previously made, and it

will hence afford us another instance in which Sir Everard Home
has anticipated Drs. Gall and Spurzheim in what has been supposed

among the most novel of their doctrines. Some remarks are made
by Morgagni on this subject, Book 1. letter 12. art. 13, et seq.

which show that he had a somewhat similar idea, although pro-

VOL. I. T
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From the gradual way in which the symptoms of the

disease manifest themselves, we may be certain that,

for a long time before death, the head must have

been nearly in the same state in which it is found

upon dissection, yet the faculties, both physical and

intellectual, have remained in tolerable perfection,

and the patient has rather suffered from general indis-

position, and from the inconvenience of an unwieldy

head, totally disproportioned to the rest of the body,

than from a defect of the powers of the nervous

system.^

Another method which has been employed in order

to ascertain the seat of the sensorium commune, is

to endeavour to trace up the nerves of the different

organs of sense to one spot within the brain, which

might be considered as their origin. But although

this plan has been attempted by the most skilful

anatomists, it has not been successful ; many of the

nerves may indeed be traced up to the base of the

brain, or to some part immediately connected with

the medulla oblongata, but this cannot be accom-

plished with respect to the whole of them. It would

bably less precise than that of Sir Everard Home. He speaks of

*' the substance of the cerebrum itself " adhering to the skuU " in

the form of a membrane
;
" of " the brain being extended almost

to the thinness of a membrane ;
" but^, at the same time, he con-

ceives that there are many cases where the brain is actually

destroyed. It does not exactly appear whether he thought the

loss of the sensitive and intellectual functions were in proportion

to the actual destruction of the brain.

9 Dr. Male has detailed one of the most remarkable cases of this

kind which we have on record in the Ed. Med. Joum. v. ix. p. SQS.
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appear, therefore, that no anatomical centre of this

kind has yet been detected, and when we find that

the accurate Soemmering, as the result of his re-

searches, has fixed upon the halitus, or fluid in the

ventricles, as the primary seat of sensibility,^ we can

scarcely expect that it ever will be discovered.

And besides the difficulties, both pathological and

anatomical, which we have found in our attempts to fix

upon any spot within the cerebral mass as the imme-

diate seat of the perceptive faculties, there are some cir-

cumstances which lead us to doubt whether any organ

of this kind actually exists. There are certain con-

siderations which have induced many physiologists to

conclude that, although the brain is to be regarded

as the common sensorium, yet that the expression

can only be employed in a general way, . when we

speak of the cerebrum and cerebellum as contrasted

with the nerves and spinal cord. An opinion has

long prevailed that different portions of the brain are

subservient to different offices, as, for example, that

• He admits that every part of the brain has been injured,

without any corresponding injury having been perceived in its

functions, and he, at the same time, objects to the doctrine that

all the brain in its whole extent is to be regarded as the seat of

the mental powers ; Corp. Hum. Fab. t. iv. § 98. Hence he con-

ceived himself reduced to the dilemma of fixing upon the fluid of

the ventricles as the appropriate organ of the noblest faculty which

h possessed by man. In § 59^ he says, " peculiare organum sen-

sorii communis si ponere fas est, vel si propria sedes sensorio com-

muni in cerebro est, haud sine veri quadam specie hoc in humore

(ventriculorum) quseri debet." On this subject see Sprengel,

Inst. Med. t. ii. p. 237, et seq.

T 2
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some are more peculiarly connected with the organs

of sense, some with voluntary motion, and others

with the different vital functions. Willis was among

the first who distinctly pointed out certain phenomena

that were supposed to lead to this conclusion. His

idea was, that the cerebrum or proper brain is the

organ of the perceptions derived from the external

senses, and of voluntary motion, while the cerebellum

is the source of the involuntary and vital functions.*

This opinion, which was embraced and zealously

defended by Boerhaave, and many of his disciples,®

was derived partly from observations and experiments

on the effects of injuries to the two parts of the cere-

bral mass respectively, and partly from the investi-

gations of comparative anatomy ; but although many

curious coincidences were pointed out, yet the objec-

tions against the hypothesis that were adduced by

Haller and others were so decisive,^ as to prove that

it is unfounded.*

But although it may be admitted that we have

a Cerebri Anat. c. 15. p. 74.

3 Boerhaave, Instit. § 401. 415. See also Haller, El. Phys.

iv. 5. 8.

4 El. Phys. X. 7. 36.

s Dr. Philip, whose experimental investigations have given hini

the means of forming a correct opinion on this subject, concludes

that the division of the cerebral mass into cerebrum and cerebellum

has no relation to the voluntary and involuntary muscles, but may

rather refer to some distinction between the different sensorial

functions; Exper. Inq. p. 108. The late investigations by M.

Flourens seem to show that the cerebrum is the more immediate

seat of perception, and the cerebellum of volition.
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not succeeded in our attempts to appropriate different

parts of the cerebral mass to different nervous func-

tions, either according to the arrangement of Willis,

or of any other which has been proposed since his

time, still there are certain considerations which may

lead us to suspect that this appropriation may actu-

ally exist. And on this question we may derive some

important information from the experiments of M.
Legallois and Dr. Philip, and the discussion to which

they have given rise. It appears to be fully esta-

blished by these physiologists, and more particularly

by Dr. Philip, who has stated his opinion with more

precision and accuracy than M. Legallois, that the

action of the nerves is different from, and inde-

pendent of, that of the brain. He accordingly assigns

to them different denominations, styling them respec-

tively the nervous and sensorial powers.^ It appears

that the former of these consists simply in the transmis-

sion of certain effects by means of the nerves from one

part of the system to another, in which the brain is

not necessarily concerned, and that consequently they

are not referrible to the common sensorium. Our
inquiry, therefore, will be limited to Dr. Philip's sen-

sorial power, which he supposes to be composed of

the functions of perception^ and volition. Now
there is at least no improbability in the supposition,

that these functions, which appear to be so clearly

distinct in their nature and operation, might be

6 Inquiry, p. 186'; Phil. Trans, for 1815, p. 90.

7 Or, as he terms it, sensation ; see note in. p. 242.
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attached to different parts of the brain/ and perhaps

some confinnation of this opinion may be derived

8 A very elaborate train of experiments has been lately per-

formed on this subject by M. Flourens, of which we have an

abstract by M. Cuvier. M. Flourens proposed to discover from

what part of the brain irritation may be propagated to the mus-

cles, to what part sensation extends, proceeding from the extremi-

ties towards the centre, and what is the immediate seat of volition

when it is exercised in effecting muscular contraction. He endea-

voured to ascertain these points by gradually removing successive

portions of the brain and noticing the effects of each removal,

when he was led to conclude that the two first of these, or, as we

may regard them, the centres of irritation and of sensation, are in

the medulla oblongata, at the part where the tubercula quadri-

gemina are attached to it. We are informed that the great mass

of the cerebrum and cerebellum are not immediately concerned

either in muscular irritation or in sensation ; they appear, however,

to be necessary to perception, especially the former, which is also

supposed to be the immediate seat of memory and intellect. The

effect of removing the cerebellum was to destroy the voluntary

power over the muscles ; the animal appeared to retain its volition,

but had lost the capacity of exercising it. M. Cuvier speaks in

liigh terms of commendation of the paper of M. Flourens, and

it must be confessed that if the experiments be confirmed, they

will lead to very important views respecting the nervous func-

tions ; Ann. de Chim. et Physique, t. xx. Shortly after the

publication of the above abstract, M. Magendie published a

detail of a series of experiments, very closely resembling those

of M. Flourens, which had been performed twelve years before

by M. Rolando. They appear, indeed, to have been even more deci-

sive, and to have been made upon a greater variety of animals, than

those of M. Flourens. They were, I believe, entirely unknown

in this country, and seem to have been nearly so in France ; and

it must be acknowledged that this coincidence, where we have no

ground for suspecting any unfair claim to originality on the part
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from some of his experiments, in which the two func-

tions of the sensorial power were not always affected

in the same degree by the same application to the

brain, or by the same mechanical injury to its struc-

ture. Possibly we may go so far as to conjecture

that while the perceptive faculties have their common

centre in the medulla oblongata or its appendages,

volition has a more extended connexion with the

brain, a conjecture which may derive some support

from the more intellectual nature of this latter

faculty. As far as we are able to come to any con-

clusion upon so intricate a subject, it would appear

that the brain itself is the more immediate seat of

the proper intellectual faculties, or that it is through

this part of the nervous system that the mind acts

upon the physical organs. But the further consi-

deration of this question, as well as the doctrine of

cranioscopy, will be referred to a subsequent part of

the work.^

of M. Flourens, must tend very materially to strengthen our

confidence in the accuracy of the results. The principal circum-

stance in which the conclusions of M. Rolando differ from those

of M. Flourens is, that whereas the latter physiologist considers

the cerebellum to be the regulator, as he terms it, of the volun-

tary motions, M. Rolando regards it as the origin of them, thus

more completely separating the primary seat of perception from

that of volition. Magendie, Journ. de Physiol, t. iii. p. 95, et

seq. See some observations upon the subject by M. Magendie,

p. 153. For a more full account of M. Flourens' experiments, see

App. V. iii. p. 369 ; see also the remarks of M. Desmoulins, p. 321.

9 It may be worthy of remark, that Sir Everard Home has

given his sanction and authority to the doctrine of cranioscopy in

the most explicit manner, although the mode of reasoning upon
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Although we have so little certain knowledge
respecting the exact parts of the brain, which may
serve as the respective centres of the two functions of

perception and volition, some very interesting experi-

ments have been lately made by Mr. Bell and M.
Magendie,' which confirm the opinion that had been

advanced by physiologists as a plausible conjecture,

that the transmission of these two powers from the

extremities to the brain, or from the brain to the

extremities, is effected by different nerves, or at least

by different nervous filaments. The nerves that

proceed from the spine have a double origin, or are

composed of two nerves, one proceeding from the

anterior, and the other from the posterior part of the

cord. Now, it has been found by direct experiment,

that the parts to which the nerves are sent are

deprived of motion and sensation respectively, accord-

which he founds his opinion may appear somewhat questionable

;

Phil. Trans, for 1821, p. 31.

» I have associated the name of M. Magendie with that of Mr.

Bell as the discoverer of the fact referred to in the text ; but, in

justice to Mr. Bell, it is necessary to state, that his experiments

were clearly antecedent to those of M. Magendie, although M.

Magendie might have been unacquainted with them. On this

subject the papers of Mr. Shaw furnish very decisive evidence,

and should be perused, as well for this as for the other valuable

matter which they contain, connected with the double function

of the nerves ; see Lond. Med. Joum. v. xlviii. p. 343, and 457

;

V. xlix, p. 449. It is always a painful task to notice what may

appear like disingenuousness, especially in those whose attain-

ments are of a superior order ; such a reflection cannot, however,

but be suggested by the perusal of a late memoir of M. Magen-

die's, in Ann. de Chim. et Phys. t. xxiii. p. 429.
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ing as the anterior or posterior roots of the nerves

are divided. From this separation of the functions

of the nerves, and the appropriation of each function

to a specific organ,^ we gain an analogical argument

for the same kind of separation in the brain, and this

conjecture would appear to be sanctioned by the

experiments of M. Flourens and M. Rolando.

A very interesting series of facts has been lately

brought forwards by Mr. Bell respecting the func-

tions of the nerves, which throws considerable light

upon their mode of action and their connexion with

the other parts of the system. There are certain

circumstances in the anatomical structure and the

distribution of the nerves which led to the arrange-

ment of them into two classes, and which indicated

that they each serve different purposes in the animal

oeconomy. From the situation of these two sets of

nerves with respect to their origin and to each other,

Mr. Bell has given them the names of symmetrical

or original, and irregular or superadded. The first

set, which might perhaps be called more appropri-

ately, the general nerves, consists of the fifth pair

of the cranial and all the spinal nerves : they have

double roots, one of which is connected with ganglia

;

they pass laterally to the two halves of the body, the

two sides having no connexion with each other, and

they are distributed to all the muscular parts that

^ This separation of the nervous functions has been extended

by M. Magendie to the two pillars of which the spinal cord is

composed ; Journ. de Physiol, t. iii. p. 153.
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are under the control of the will. They appear to

be the organs of perception and volition, deriving, as

we may conjecture, these two functions from their

double roots. These we may regard as that part of

the nervous system which serves the purpose of esta-

blishing our connexion with the external world.

Mr. Bell's second set of nerves proceed by single

roots from the base of the medulla oblongata, or the

parts immediately connected with it
;
they proceed

in a much more irregular manner than the former,

and are distributed to all the organs which are con-

cerned, either directly or indirectly, in the function

of respiration. From this circumstance they have

received the denomination of respiratory nerves, as

well as that of superadded or irregular. Their course

is designated by this last term, as they pass from one

organ to another in the most intricate manner, con-

necting them together, passing across the general

nerves, occasionally uniting with them, and forming

the connecting link between the two halves of the

body. These nerves are not under the control of the

will, and are not capable of exciting perception;

they are, therefore, furnished only with the faculty

of transmitting the nervous influence, or with what

Dr. Philip styles nervous power, in opposition to sen-

sorial. Some very curious and important patholo-

gical deductions have been made by Mr. Bell, from

the new views which he has given us on the subject

of the nerves, and we have also a number of addi-

tional remarks by Mr. Shaw, which confirm and

illustrate Mr. Bell's doctrines, and give us reason to
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expect that they may be applied with great advan-

tage to the practice of medicine and surgery.^

The result of our observations upon the nervous

system and its functions is, that it has two dis-

tinct powers, that of receiving and transmitting

impressions, which is exercised by the nerves and

spinal cord, and that of perception and volition,

which is more immediately exercised by the brain.*

Upon this principle Blumenbach has arranged the

organs of these functions into the two classes of sen-

sorial, comprehending the brain and its immediate

appendages, and the nervous, properly so called,

3 See Bell, in Phil. Trans, for 1821, p. 398, et seq. ; also

Phil. Trans, for 1822, p. 284<, et seq. ; and Shaw, in Quart.

Journ. V. xiii. p. 120 ; and Med. Chir. Trans, v. xii. p. 105 ; Lond.

Med. Phys. Journ. v. xlviii. p. 343, and 457 ; v. xlix. p. 449.

Experiments similar in their nature to those of Mr. Bell have been

pdrformed by Mr. Mayo, but with a different result, as far as the

respective powers of the nerves is concerned, and their relation to

the faculties of perception and voluntary motion ; Comment, p.

107, &t seq. ; and part 2. p. 2, et seq. . It is to be regretted that

such discrepancies should arise, but where truth is the only object

of the inquirerj they will be in no long time reconciled by multi-

plying our observations and experiments. Since the above was

written two papers of Mr. Bell's have appeared in the Phil. Trans,

for 1823, p. 166, and 289, in which he has made a beautiful

application of his principle to illustrate the respective oflBces of the

different nerves that are sent to the eye and the parts immediately

connected with it. The acute mind of J. Hunter enabled him to

detect the general principle of the specific powers of different

nerves when sent to the same organ ; Animal (Economy, p. 262

;

but the merit of demonstrating the truth of the principle, and of

its successful application, rests with Mr. Bell.

Dr. Philip, in Quart. Journ. v. xiv. p. 93.
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including the nerves, the plexuses, and the ganglia.*

The sensorial organs are the exclusive seat of the

powers of perception and volition, and of the intel-

lectual faculties, while the office of the nerves is to

serve as media of communication between the common
centre and the organs of sense and motion.''

The great superiority of the intellectual faculties of

* Instit. Physiol. §198.

<5 What is stated in the text is, perhaps, all that we are war-

ranted in concluding from the facts which are at present clearly

ascertained ; hut it is almost impossible to proceed so far without

forming some conjectures, or proposing some queries respecting

what remains still to be discovered. Mr. Bell's first set of nerves,

i. e. the fifth cranial and the spinal, possess the function of com-

municating both perception and volition, and as they arise from

double roots, it is not unreasonable to infer, that the two roots

serve respectively for the two powers. But these nerves are dis-

tributed both to the voluntary muscles, and to the skin and the

internal surfaces ; has any anatomical difference been detected

between the nerves of the two orders of parts, the one possessing

the double function, the other merely serving for the transmis-

sion of perception Mr. Bell's second division of nerves, the

irregular, are not capable of communicating either perception or

volition, but serve to transmit the nervous influence from one

part to another ; it includes what he names the respiratory nerves

and the intercostal system, and is connected in an indirect manner

only with the brain, while it is principally to these nerves that the

ganglia are attached. Are these nerves capable of transmitting

their influence in both directions.'' Is it probable, that besides

their ordinary office, these nerves, on certain occasions, are capa-

ble of conveying perceptions, and that the ganglia are the parts to

which the perceptions are referred ; for example, the perceptions

of internal diseases ? Besides these two classes of nerves, we

have a third kind, those appropriated for specific perceptions, as

the optic, the olfactory, &c. ; what is there peculiar in their ana-
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man over those of other animals, has induced anato-

mists to investigate whether there be any thing in his

anatomical structure which would seem to account for

this superiority. The great size of the human brain,

compared to that of other animals, was noticed by

the ancients, and Aristotle laid it down as a general

principle, that the faculties which were referred to

this organ were in proportion to its size, compared

with that of the whole body. This rule holds good

with respect to many of the domestic animals, which

were the best known to the ancients, and upon which

we may presume that their observations were made.

For example, the brain of a man, according to the

calculation of Monro, is four times that of an ox,

although, upon an average, the body of the ox is

six times the size of the human body.^ But there

are many exceptions to this rule. It has been found

by the accurate researches of the modern anatomists,

that in some of the mammalia, the proportion of the

size of the brain to the body is equal to that of the

tomical structure ? Do not the mere perceptive parts of the first

class belong to this division ? Have not the nerves of the sur-

faces more analogy, at least in their functions, with these nerves,

than with those which transmit volition ? What relation do the

nerves that convey simple sensations of pleasure and pain bear to

the other part of the nervous system ? The further consideration

of many of these points obviously belongs to a subsequent part of

the work. In order to avoid circumlocution it might be convenient

to give the names of simply sensitive, perceptive, and motive, to

the three kinds of nerves, according as they respectively serve for

the offices of the mere transmission of nervous influence, for per-

ception, and for voluntary motion.

7 On the Nervous System, p. 25.
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human subject,^ and that there are certain species of

birds in which the proportional size is even greater.

It further appears that some animals, which are

remarkable for the comparative perfection of their

sensorial powers, have the brain below the average

size, as the horse and the elephant. In man, the

ratio of the weight of the brain to that of the

whole body has been stated at an average at about

-5-V» in the dog it is about -j-^, in the horse in

the elephant only, while, on the contrary, in

several of the small singing birds, and particularly

in the canary, the brain is above the average of man,

being as much as -^V?^ and Ebel mentions a kind of

simia, where the proportion is even y-p.^

But an observation has been made by Soemmer-

ing, to which hitherto no exception has been

found, that the perfection of the sensitive functions

does not depend upon the absolute size of the brain,

nor upon its proportion to the body at large, but

upon the proportion between the size of the brain

and the aggregated bulk of the nerves that proceed

from it f or, according to Blumenbach's noraencla-

8 BufFon, V. ix. p. 247, says that the brain of the seal is larger

in proportion to the body of the animal than that of the human

subject.

9 Cuvier, hec^j d'Anat. Comp. t. ii. p. 149, et seq. See also

Lawrence's Lect. p. 191'

I Observ. Neurol, ex Anat. Comp. in Ludwig, Scrip. Neur.

t. iii. p. 150.

* Corp. Hum. Fab. t. iv. § 92 ; de Basi Enceph. p. 14. et Tab.

Bas. Enceph. Cap. 1. p. 5 .. 11^ Lawrence's Lectures, p. 192, et

seq. Blumenbach's Comp. Anat. by Lawrence, p. 292.
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ture between the sensorial and the nervous organs.

As an illustration of this position the example of the

horse is cited ; the absolute size of the brain of the

horse is only about half the size of the human brain,

while the mass of the nerves of the horse at their

origin is no less than ten times larger than that of

man. And as we pursue our researches into compa-

rative anatomy, we find that we are able, in most

cases at least, to trace a correspondence between the

perfection of the respective functions and the physi-

cal condition of the organs. Most of the inferior

animals have larger nerves, and possess some of the

nervous functions in a much more acute state than

man, but man decidedly excels them all in the com-

parative size of the brain and in the perfection of

his intellectual functions.

Ever since the time of Willis the proportion of the

cerebrum to the cerebellum is a point that has been

attended to by anatomists, as marking a difference in

the degree of perfection of the nervous system, and it

has been asserted, that the proportion of the cerebmm

to the cerebellum is greater in man than in any other

animal. But although this holds good in mostinstances,

it appears from Cuvier that there are some exceptions,

and, as is often the case in comparative anatomy, we

find that in those points where man differs most from

other animals, there are some species of simiae which

resemble the human subject. In man the weight of

the cerebrum is to that of the cerebellum as nine to

one, in the dog as eight to one, in the horse as seven

to one, in the cat as six to one, in the sheep as five
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to one, while, on the contrary, in a certain species of

monkey, the proportion is as much as fourteen to one.^

It may seem somewhat remarkable that, although, in

the higher classes of animals, we find a general ratio

between the perfection of the nervous system and the

large size of the cerebrum, compared with that of the

cerebellum, yet when we descend lower in the scale,

we meet with some case in which the cerebellum is

entirely wanting. In these cases, however, the

general form of the brain differs so much from that

of man, and the animals that resemble him, that it

is not easy to say what are the parts most analogous

to each other, or to what portions of the brain the

different appellations ought to be applied.

Another comparison has been instituted, which

gives a more constant superiority to the human sub-

ject, the proportionate size of the cerebrum to the

medulla oblongata, although, in this instance, as well

as in the former, the simiae are found to be more

analogous to man than to any other animals.^

All these comparative observations are deserving

of attention, but we may remark concerning them,

that we might, a priori, expect the powers of the

nervous system to depend as much, at least, upon the

perfection of its organization, as upon its mere bulk,

or upon the proportion between the size of its dif-

3 Le9. d'Anat. Comp. t. ii. p. 152, et seq. Blumenbacli's

Comp. Anat. by Lawrence, p. 312.

4 Le^. d' Anat, Comp, t.ii. p. 152, et seq. The dolphin forms

the only exception to this rule among the animals upon which

observations have been made.
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ferent parts. It does not appear that any very accu-

rate comparative observations have been made upon

the minute structure of the brain in the different

classes of animals, nor perhaps ought we to expect to

be able to discern any visible difference between

them ; but it is well known that the greatest variety

exists in their general figure and anatomical struc-

ture, and although we are very frequently unable . to

trace the connexion between the configuration of

parts and their respective functions, we may reason-

ably infer that such a connexion actually exists.

The only further observations that I shall offer on

the comparative uses of the different parts of the

^ nervous system are concerning the appropriate office

of the ganglia. From the mode in which they are

composed, it appeared a natural conclusion, that one

office which they perform is to produce a more

complete connexion and sympathy between the sen-

I sations of different parts ; but this, as far as appears,

might have been accomplished by the simple union

of the nervous filaments, as occurs in the plexuses,

without the additional apparatus which we observe in

the ganglia ; some eminent anatomists, as Winslow,

Willis, and Vieussens, supposed them to be small

brains, or independent sources of nervous power . and

central spots, to which perceptions are referred. This

opinion is embraced by Richerand * and by Cuvier/

ij 4 Physiologic, t. i. p. 108.

\ 5 Le9. d'Anat. Comp. Intr. p. 26. The author remarks that the

i
ganglia are larger and more numerous when the brain is deficient

in size.

VOL. I. U
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and a doctrine essentially similar is maintained by

Bichat,^ who conceives them to be the nervous cen-

tres of the organic functions. Lancisi had a fanciful

notion that they promoted the flow of the animal

spirits along the nerves, by a kind of muscular

action;^ Johnstone supposed that their use is to

render the organs which derive their nerves from

them independent of the will,^ and it has been lately

conjectured that their office is to recruit the nerves

that pass through them, or to add to their substance,

in the same manner that the cortical part of the brain

has been conceived to generate the medulla. Dr.

Philip considers the ganglia as secondary sources pf

nervous influence, the specific office of which is iQ

receive supplies of it from all parts of the brain and

spinal cord, and transmit this collected influence to

the organs where it is required.® But the difficulty

which has been already alluded to occurs in this

hypothesis, that this combination of nervous influ*

ence, so far as we know, might have been accom-

plished by the mere union of the nervous filaments.'

Upon the whole I apprehend we must acknowledge,

that the specific office of the ganglia has not been

discovered.

s Anat. Gen. t. i. p. 200 ; t. ii. p. 405.

* Morgagni, Advers. Anat. pars. 5. p. 113.

7 Essay on the Ganglia, p. ip.

8 Inquiry, p. 170, et seq.; Phil. Trans, for 1815, p. 436;

Quart. Joum. v. xiii. p. 266.

9 For a concise view of the various opinions that have been

entertained upon this subject, see Soemmering, Corp. Hum. Fab.

§ 161.
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^ 4. Connexion between the Muscular and Nervous

Systems.

Having considered the properties and uses of the

nervous system, I proceed to inquire into the nature

of the connexion between the nerves and the muscles,

or, more generally, between sensation and motion.

After Haller had clearly established the difference

between the two essential properties of animal life,

contractility and sensibility, and pointed out their

mode of action, it was universally admitted that the

former of them is the immediate cause of motion and

the latter of sensation. It was obvious that motion

was, in many cases, necessarily accompanied by

sensation, but the question then arose, whether it

was so in all instances. The solution of this question

was attended with many difficulties, and eventually

gave rise to one of the most animated controversies

that ever took place in physiology, and which,

although no longer pursued with any degree of acri-

mony, subsists to the present day.

The point at issue may be thus stated. When a

stimulant acts upon a muscular fibre, so as to produce

contraction, does it act immediately upon the fibre

itself, or does it not always act through the inter-

vention of a nerve ? The nerves are the organs of

sensation; when, therefore, a muscle receives the

impression of a stimulant, is not this impression

always, in the first instance, received upon the

nervous matter distributed through the muscle, and

the impression then transferred from the nerve to the

u g
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muscular fibre? Haller and his disciples thought

the intervention of the nerves not to be necessary, but

supposed that the irritability of the muscle, as they

termed it, was, in many cases at least, alone con-

cerned, and that consequently stimulants were capable

of acting upon the fibre itself. His opponents, of

whom Whytt was one of the most active and zealous,

supported the contrary doctrine, and maintained that

the muscular fibre is merely an organ of motion, that

it is incapable of receiving impressions from external

objects, and never contracts, except through the

intervention of the nervous power. ^ This hypothesis

was embraced by many of the French writers, parti-

cularly by Senac, who became one of its most able

defenders, as well as by the colleagues of Whytt,

Cullen, and Monro; and it was the doctrine generally,

embraced in the University of Edinburgh, then ap-

proaching to its most splendid period of reputation.^

The term irritability, which had been originally used

by Glisson in a physiological sense, and had been

adopted by Haller, was employed by the two parties

in a somewhat different meaning, a circumstance

1 On Vital and Involuntary Motions, sect. 1. p. 10, et aHbi.

2 Willis, who was one of the first that minutely attended to.

the operations of the nervous system, conceived that all motion

depends upon, or originates in, the nerves, and that the nerves of

the voluntary and involuntary organs are derived from the cere-,

brum and cerebellum respectively. Mayow, Boerhaave, and other

eminent physiologists of the latter part of the seventeenth and

the beginning of the eighteenth century, adopted Willis's hypo-

thesis, and it may be considered as the prevailing opinion until the

time of Haller.
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which it is necessary to bear in mind in examining

the merits of the controversy. By Haller it is

intended to express the power inherent in the mus-

cular fibre (its vis incita) of being excited to con-

. traction on the application of a stimulant ; accord-

ing to Whytt it means the faculty which the

muscular fibre possesses of receiving impressions

transmitted to it from the nerves. The experiments

and arguments that have been adduced in this con-

troversy, in support of the two opposite opinions,

have filled many volumes ; I shall only have it in

' my power at present to notice a few of the leading

facts that have been stated, and the general scope of

the reasoning that has been employed.^

The great argument of Haller was not an appeal to

the anatomical structure and obvious powers of the

animal body. He made a distinction between the

contractile and the sensitive organs, and he endea-

I voured to point out to what parts of the system these

3 A well-digested and correct state of the hypotheses that pre-

i vailed on this subject before the time of HaUer^ and of his own
I doctrines, will be found in a report made to the French Institute

on the experiments of Legallois by Percy, Humboldt, aud Halle.

See Ed. Med. Journ. v. x. p. 207 ; and Philip, in Quarterly Joum.

V. xiii. p. 98 ; also Dr. Cooke's introduction to his valuable trea-

i tise on nervous diseases. M. Cabanis, an eloquent and acute

I writer, and the nature of whose work might be supposed to lead

1 him to a degree of logical accuracy, has, notwithstanding, chosen

i
to regard this controversy as merely a verbal one, but I believe that

\ I shall be justified in stating that he has completely misunderstood

the nature of the argument. See Rapports du Phys. et Mor. de

) I'homme, t. i. p. 90, 91, (2d edit.)
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terms were respectively applicable.^ He pointed out

some which were extremely contractile, but were only

scantily supplied with nerves, and it was found gene-

rally, that the contractility of parts did not bear any

ratio to their sensibility, or to the quantity of nerves

sent to them. The example of the heart was adduced

in proof of this position. Indeed, so little sensitive

is this organ, not merely in its sound, but even in its

morbid state, that there are many well-known in^

stances, where it is found to have undergone great

alteration in its structure, to have had its parts con-

densed by the effect of inflammation, or even destroyed

by suppuration, and yet no pain has been felt, and

nothing unusual has been experienced, except a sense

of oppression, and this not depending so much upon

the condition of the heart itself, as upon the difficulty

which it had in transmitting the blood along the

arteries.

In the second place it was urged as a 'powerful ar-

gument in favour of the Hallerian doctrine, that

muscular parts remain contractile for a long time after

they are removed from the body, and when their com-

munication vdth the brain is of course destroyed.^

This is especially the case with respect to the heart,

which in frogs and in cold-blooded animals generally,

for many hours after its separation from the body,

will still contract on the application of a stimulant

;

bnt how, it is asked, can the nervous system be con-

4 Mem. sur les Part. Sens, et Irrit. Opera Minera, t. i. p. 239-

5 Haller sur Ics Part. Sens, et Irrit. t. i. p. 48, ct seq.
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cerned in this case, since the centre of the sensibility

is removed ?

A third set of facts, which were supposed to

I
be still more in favour of his doctrine, was brought

I

i forwards by Haller, consisting of the accounts of

i foetuses that were born with imperfect brains, or even

1 altogether without heads, and yet had grown to their

1 ,fiill size in the uterus, and after birth exhibited many

marks of contractility, being capable of moving their

I limbs upon the application of stimuh, of evacuating

the contents of the bladder and intestines, and, in

I' -short, of exercising the accustomed functions, as far

as was consistent with their imperfect organization.

Indeed, it would appear that, if we could have sup-

lj

fplied tlie materials for digestion, life might have been

prolonged to an indefinite period. This point has

been lately insisted upon by Dr. Philip, in his

essay on the connexion between the muscular and the

nervous powers. From some experiments that were

performed by Legallois on this subject, it seemed to

be proved, that the motion of the heart was inde-

pendent of the brain, yet that there was a necessary

connexion between the heart and the spinal cord.^

' But the experiments of Dr. Philip have demonstrated,

I

that the spinal cord is no more necessary than the

brain for the motion of the heart. He found that

the total destruction both of the brain and the spinal

cord did not prevent the contraction of the heart from

proceeding in its ordinary manner, provided its other

6 Sur le Principe de la Vie, p. 138, et seq. et alibi.
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connexions with the system were duly maintained ; he

likewise adduces cases, apparently well authenticated,

of foetuses born in a state of maturity, where the spinal

cord, as well as the brain, was totally wanting.''

In the fourth place, the Hallerian doctrine has

been supposed by some physiologists to receive very

powerful support from the constitution of the lower

classes of animals, such as the Actiniae, and others

of the larger zoophytes, which are of considerable

size, and are endowed with a great degree of contrac-

tile power, yet in which the most minute researches

have not been able to detect a nervous system. The

limbs of these animals contract upon the application

of a stimulant, and of course the contraction is

brought about without the intervention of nerves,

but as it appears to be precisely similar to that of

animals that have a nervous system, so we may

conclude that in both cases the process is conducted

in the same manner, and according to the same

general laws.

. ..A fifth argument in favour of the Hallerian doc-

trine has been derived from the order of time in

which the different parts of the body come into exist-

ence and acquire their full powers. By minute

observations made upon the foetus, and more especi-

ally upon the chick in ovo, during the earliest periods

of their existence, we learn that the formation of

the heart precedes that of the brain ; that the first

» Philip's Inq. p. 62. Lawrence, in Med. Chir. Trans, v. v,

p, 168, et seq.
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distinct indication of life is a small beating point,

the punctum saliens, as it has been called/ which

afterwards becomes the muscular substance of the

ventricles, from this the large vessels gradually

expand, and it is not until after some time that the

brain becomes organized.^ The successive periods at

which the functions of the parts respectively con-

mence their actions agree with these observations.

The contractions of the heart proceed with perfect

regularity long before we can trace any sign of the

operations of the nervous system, and we find a

great variety of involuntary muscular motions per-

formed in the most perfect manner immediately after

birth, while it seems necessary that a considerable

length of time should elapse before any of the ner-

vous functions are capable of being exercised.^

Besides the above arguments, all of which seem to

be derived from legitimate grounds of reasoning,

other considerations have been adduced in favour of

the Hallerian doctrine, which are either in themselves

of less weight, or have been since superseded by

more correct scientific investigations. These it will

not be necessary to notice, except indeed that derived

from the analogy of vegetables, which Haller himself

8 Harvey de Generatione, Exerc. 17-

9 From the recent observations of Sir E. Home we learn, that

the rudiments of the brain and spinal cord are visible before the

heart, but it may be argued, that the nervous system is at this

period incapable of performing any of its functions ; Phil. Trans,

for 1822, p. 342. .

' Haller, El. Phys. iv. 4. 28.
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seems to have regarded as of considerable force.

Plants, he said, exhibit evident marks of irritabihty,

they possess spontaneous motion, and obey the opera-

tion of stimulants, yet they are without nerves, so

that we have here a case in which initability exists

independent of a nervous system. But this is cer-

tainly an attempt to explain what is obscure by some-

thing which is still more so ; we know less of vegeta-

ble than of animal life, and when we speak of the

irritability of vegetables, we employ a metaphorical

expression to denote a quality, with the nature of

which we are totally unacquainted.

I must not omit to mention an argument, that

would have great weight in favour of the indepen-

dent contractility of the muscular fibre, were the

fact on which it is founded fully established. I

allude to some experiments which were performed

in Italy a few years ago, on the application of galva-

nism to the fibrin of the blood immediately after

coagulation, in which it was stated that a contraction

was produced in this substance similar to that of the

muscular fibre. The strong analogy which exists

between the properties of the two kinds of fibrin

would no doubt go far to demonstrate, that if con-

traction could be produced without the intervention

of nerves in the one case, it might be so likewise in

the other. Unfortunately, however, the fact in

question is not sufficiently authenticated ; the expe-

riment, when performed in this country, has not

succeeded, and although a negative experiment is not

to be considered as of itself of equal force mih. a
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positive one, yet, upon the whole, the preponderance

of evidence seems to be against the contractility of

the fibrin of the blood.^

Powerful and direct as the arguments may seem

which were adduced by Haller and his disciples, in

support of the doctrine of the independent action of

the muscular fibre, the neurologists have not been

remiss in replying to them, and they have further

supported their side of the question by arguments,

which, by many physiologists, have been even thought

more convincing. In opposition to Haller they have

likewise appealed to the anatomical structure of the

body, and have particularly insisted upon the gene-

ral diffusion of nervous matter through the substance

of the muscles. Although we are not able to trace

the nerves to their extreme ramifications, yet it is

contended that they are in fact distributed to each

individual fibre, for when we insert into a muscular

part the finest point of a needle, if it be only suffi-

cient to produce a contraction, it will excite a corres-

ponding sensation. Indeed some of the ablest de-

fenders of this side of the question, and particularly

Smith, seem disposed to rest the issue of the question

upon this sole point, whether it be possible to disco-

ver any part which is contractile, and which is, at

the same time, not furnished with nerves. It seems,

^ See also Berzelius on the progress of animal chemistry, p.

20, where we are informed that the apparent contraction of fibrin

upon the application of electricity depends upon the shrinking of

the body connected with its coagulation ; it is not improbable that

the process may be promoted by electricity.
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however, impossible to put it to the test of direct

experiment, for although we might have it in our

power to obtain the muscular fibre in a separate state,

and might even, by the diagnostic characters pointed

out by Fontana, accurately distinguish between the

-muscular and the nervous filaments, yet in employing

the mechanical means necessary for their separation, all

their vital properties would be unavoidably extin-

guished. With respect to the heart and the other

parts which are scantily supphed with nerves, and yet

possess a great degree of contractility, it was said that

in these cases, the quantity of nerve, although small,

is in proportion to the nature of the stimulant, and the

degree of effect required, and, in short, that the nerves

of the heart are adequate to the action of the organ.

Then it is argued that the heart is furnished with

nerves, although small, and if they are not employed

in producing its contraction, for what purpose are

they destined ?

With respect to the power which individual mus-

cles possess of retaining their contractiHty when

separated from the body, the neurologists certainly

appear to have been much puzzled to account for the

phenomena, and they were reduced to the necessity

of adopting the opinion, which appears to involve a

gross inconsistency, that the sentient principle is

divisible,*^ or rather that there is no sensorium com-

3 Whytt on Sensibility and Irritability, part 2, § 2. On Vital

and Involuntary Motions, § 14. We may remark how directly

' the opinions of this learned physiologist lead to materialism,

at the very time that he is iu-guing against this doctrine; a
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mune. This inconsistency they could only escape by

adopting the Stahlian hypothesis of the soul being

co-extended with the body,* as they termed it, or

that the different parts of the body were able indi-

vidually to perceive the effect of stimuli applied to

them. Senac explicitly states it as his opinion, that

the nerves and spinal cord possess all the properties

of the brain, only in a less degree, and that they are

capable, for a limited time, of performing all its

functions/ According to the hypothesis of the

animal spirits, which was then generally adopted, he

conceives that the spinal cord and even the nerves are

capable of generating these spirits, and, in short, that

the whole nervous system is, to a certain extent, the

seat of perception.^ The same kind of reasoning

striking example of the inconsistencies into which we faU when

we attempt to investigate topics that are beyond our comprehen-

sion, and a powerful motive for exercising the utmost candour

towards those who differ from us on such abtruse points. Mr.

Herbert Mayo, who is in general remarkable for the correctness of

his phraseology, may be cited as an illustration of the same senti-

ment. In his observations upon this much agitated question, he

uses the expression, " mind and matter are logically distinct sub-

stances/' thus controverting his own position in the very enuncia-

tion of it. The candid and philosophical reflections with which

he concludes the chapter cannot be too highly commended ; Anat.

Comment, p. 8^ 9-

4 See Stuart de Motu Muscul. § 5.

5 This appears to be the opinion likewise of Scarpa ; speaking

of the nerves generally, he says that they possess a power inde-

pendent of the brain, and cites the cases of acephalous foetuses is

proof of this point ; Tabulae Neur. § 22.

^ Traite du Cceur, liv. 4. c. viii.
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was applied to repel the arguments that were drawn

from the existence of foetuses without heads, in

which case it was said that the seat of sensibility

was only in part removed, and that what was left in

the spinal cord, the nerves, and the ganglia, was still

competent to carry on all the functions which are

exercised by these imperfect beings.

In connexion with this argument it has been

observed that the size of the brain and the spinal

cord, in the different classes of animals, bears no

proportion to each other ; on the contrary, as we
descend to the less perfectly organized classes, the

brain diminishes, and at length entirely disappears,

while the spinal cord is increased in size, as if for the

purpose of supplying the place of the brain. These

facts are well known, but the inference to be drawn

from them is not so clear. Before we can form an

hypothesis to account for the action of the nervous

system, derived from observations on the comparative

anatomy of the inferior animals, we must previously

make ourselves acquainted with the nature of their

functions, which we have many reasons for supposing

to be very different from those of the human species.

The acephalous foetuses, which have been employed

to show the independence of the muscles upon the

nervous system, have been also brought forward to

prove the independence of the nerves upon the brain,

for it is said that, in these cases, the nei*ves are per-

fectly formed, or even sometimes larger than natural,

as if intended to supply the deficiency of the brain.

But here again, although we may admit the anato-
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mical facts, the conclusion does not necessarily follow

from them, for in these instances there is no unequi-

vocal evidence of the existence of any functions,^

which the Hallerians conceive to be exclusively at-

tached to the brain as distinct from the nerves, and

although the nerves exhibited their natural appear-

ance, and seemed to possess a perfect anatomical

structure, we have no means of ascertaining in what

degree they were capable of exercising their appro-

priate functions.

The uniformity of the action of the different

fibres of which the muscle consists, or what has been

termed the general consent of all its parts, has been

regarded by some of the neurologists as an argu-

ment of much weight in favour of their doctrine.

If only one fibre be irritated, the whole muscle

instantly contracts ; but how can this contraction be

propagated from fibre to fibre except by means of

nerves ? This argument, however, implies a know-

ledge of the intimate nature of muscular contrac-

tility which we are not entitled to assume, and it can

only be regarded as endeavouring to explain a diffi-

culty by the adoption of an hypothetical principle,

which itself stands in need of proof.

The
,

argument in favour of the Hallerian hypo-

thesis, drawn from the absence of nerves in the

zoophytes, was answered by asserting that we are not

sufficiently acquainted with the structure of these

animals to make it the foundation of our reasoning,

and it was even alleged that the same argument

might be employed to prove the existence of contrac-
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tility without the muscular fibres ; for a proper

fibrous structure can no more be perceived in these

animals than a nervous system. In the same man-

ner it was stated that the order of time in which the

different parts are formed was a subject involved in

too much obscurity to permit us to employ it in our

reasoning. It was said that the heart might be

sooner visible than the brain, in consequence of its

motion, of its consistence, and its other sensible

properties, but that it is impossible for us to decide

which of the parts is actually first brought into

existence.'

So far I have attempted to give an abstract of the

manner in which the neurologists replied to the rea-

soning of the Hallerians ; they have also employed

direct arguments in support of their^opinions, which

must now be stated. But before I enter upon this sub-

ject I may remark concerning the heart, which, as it

appears, has been appealed to by the supporters of

both sides of the question, as a proof of their respec-

tive doctrines, that the structure of the nerves of

this organ has itself been a subject of controversy

among anatomists, and has given rise to much

learned discussion and minute investigations. Accord-

ing to Soemmering,^ the nerves sent to the heart are

much smaller in proportion to the size of the organ

than to any other muscle, and it was even contended

by Behrens,^ that these nerves are not destined for

7 See note in p. 297- ^ Corp. Hum. Fab. t. iii. § 32.

5 Dissert, qua demon. Cor Nervis carere.
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the muscular part of the organ, but for its large

vessels, while, on the contrary, we have the no less

respectable authority of Scarpa ^ in support of the

opinion that the heart is furnished with nerves in the

same manner with the other muscles of the body.'^

Until the anatomical question respecting the nerves

of the heart be decided, it will be impossible to build

any physiological hypothesis upon them, but the com-

paratively insensitive state of the heart is admitted

by every one, and may be adduced as an objection to

the doctrine of the neurologists, even were the exist-

j

ence of its nerves fully established.

The argument which was brought forward by the

j
neurologists with the most confidence was derived

from experiments made with artificial stimulants, the

object of which was to show that, in a great number

of the most unequivocal cases, they act upon the

muscles through the intervention of the nerves. The

; experiments of Smith are some of the earliest, as

well as the most decisive that were performed on this

subject,^ and he found that exactly the same effects

were produced, whether the stimulant was applied to

' Tabula? Neurologicae Card Nerv. &c. These may be consi-

dered as, in all respects, probably the best anatomical plates that

) were ever published. They are admirably expressive of the sub-

ject, without the gaudiness of the French engravers, who appear

to aim principally at effect, or the tameness of the English, who
seem to think of little else except oeconomy.

* See also Senac's work on the Heart, liv. i. ch. 7, where we
;
have a minute detail of the observations of various anatomists and
physiologists previous to his publication, and liv. iii. ch. 8. § 5.

3 From a MS. copy of Cullen's Lectures on Physiology, of
which I am in possession, it appears that it was chiefly upon the

VOL.1. X

d.
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the fibres themselves, or to the nerve that is distributed

through thera.^ This he observed to obtaiu with

respect to all the different kinds of stimulants, mecha-
nical as well as chemical, and in these cases it is easy

to detach the nerve from the surrounding parts, so

that the application may be made to it in the most

unexceptionable manner. The experiments that have

been more lately made with galvanism tend to the

same conclusion. Here, when a muscle i§ completely

separated from the body, except by the intervention

of a nerve, contractions are excited by transmitting

the electric influence through the nerve, and it i§

always found that if a trunk of a nerve form part of a

circuit, it is not the muscles in the neighbourhood

of the nerve that are excited, but those to which the

nerve is ultimately distributed, however distant they

may be.

By reversing the nature of the experiment the

reverse effect was produced. If instead of applying

a stimulant we make use of a sedative, such as opium

or laurel water, and immerse the nerve jn it, the

muscles to which the nerve is sent lose their contrac-

tility as entirely as if the sedative had been applied

to the muscular fibres themselves. Facts of this

kind are so well substantiated as to admit of no con-

tradiction, and they undoubtedly seem to disprove

one part of HaJler's doctrine, that opium and other

narcotics, when they affect the muscular power,

operate through the intervention of the blood-vessels

authority of Smith's experiments, that he derived his hvpothesis

of the identity of the muscular and nervous fibres.

4 De Actione Musculari, passim.
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aiid not of the nerves. Now it is said that we have

certain evidence of the intervention of the nervoui^

power in a great variety of cases ; it is therefore a

reasonable and fair inference that the same interven-

tion exists in all cases, and that muscular contraction

never ensues from the application of a stimulant

except through thje medium of a nerve.

But the facts which have beengenerally thought the

most decisive against Haller are those in which we

observe the muscular power to be affected by mental

operations, such as the passions, and this is observed

to be especially the case with respect to the heart,

the organ which had been selected by the Hallerians,

as one that acted independently of the nervous

power, and was even thought to be entirely without

nerves. And besides the observations that have been

made upon the body, while in a state of health,

numerous pathological occurrences daily present thenir

selves to us, where the contractility of the muscles is

obviously influenced by the state of tii€ nervous

system, or by agents which can only operate through

its means. Other considerations of less -weight or

founded upon less certain grounds, have been urged

by the neurologists, but what I have stated seems to

me to constitute the most important part of their

reasoning, and so convincing did it appear, that their

hypothesis has been continually gaining ground, until

it came to be almost universally adopted.^

5 See Dr. Alison's remarks in the Quarterly Journal, v. ix.

p. .106 ; also the report made to the French Ifistitute, referred -to

above, p. 293. Cuvicr says, that the objections t.Q HsllerVdof-

X 2! .

"
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The opinions of physiologists on this disputed

question were mucli influenced in favour of the hypo-

thesis of the neurologists hy the very elaborate and

ingenious train of experiments which were performed

by Legallois, to which I have already had occasion

to refer. Haller had shown that the heart can con-

tinue its action when it is detached from the nerves

that proceed to it directly from the brain, and had

thence concluded that it is not under the influence of

the nervous system. Legallois, however, endeavoured

to prove, that if, besides the removal of the brain,

we also destroy the spinal cord, the motion of the

heart immediately ceases, and thus, by establishing, as

he conceived, a necessary connexion between the action

of the heart and the spinal cord, he controverted the

argument that had been deduced by Haller in favour

of the independent contractility of the muscles. The

experiments by which Legallois supported his opinion

were apparently so direct and unequivocal, as to gain

very general assent to his doctrine, and were sup-

posed completely to subvert that of Haller, when the

subject was taken up by Dr. Philip, who, by repeat-

ing and modifying tlie experiments of Legallois,

detected a source of fallacy in them, which, as far as

this question is concerned, entirely destroys their

value, and subverts the conclusion which had been

drawn from them. Legallois had announced that

when the spinal cord is destroyed, every part of the

body loses its contractility, but Dr. Philip discovered

trine are every clay becoming more npparent ;
Le9. d'Auatonuc

Corap. Intr. p. 22.



that this is only the case when the cord is destroyed

suddenly ; on the contrary, when the destruction is

effected slowly and gradually, he found that the heart

was capable of continuing its contraction,^ and hence

he infers the correctness of Haller's doctrine of the

inherent contractility of the muscular fibre. And,

indeed, if we allow the accuracy of Dr. Philip's

results, respecting which there appears no reason to

entertain any doubt, they afford us the most direct

confirmation of Haller's doctrine of muscular contrac-

tility being a faculty which exists independently of

nervous sensibilit) .''

Besides estabUshing the general fact, that the

heart retains its contractility after it has been sepa^

rated both from the brain and the spinal cord, Dr.

Philip performed some further experiments for the

.
^ Experimental Inquiry, p. 88 and 97-

7 In order to obtain a clear and comprehensive knowledge of the

experiments and reasoning which were adduced in the course . of

this discussion, which may he considered as among the most curi-

ous and important that ever engaged the attention of physiologists,

the following works should be carefully perused. Legallois' work,

" Experiences sur le Principe de la Vie/' which contains his origi-

nal Experiments ; Dr. Philip's two papers in the Phil. Trans, for

1815, in which he urges his objections to Legallois' conclusions,

and states the main facts on which he founds his own opinion; his

" Experimental Inquiry into the Laws of the Vital Functions

andhis serie s of papers in the Quarterly Journal, v. xiii. and xiv.

consisting of his general conclusions and a digested summary of'

his doctrines. A very correct and elegant abstract of the experi-

ments of M. Legallois and Dr. Philip, and the conclusions whick

may be deduced from them, is given by Dr. Roget in the supple-s

ment to the Encyclopaedia Britannica, article " Physiology."
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purpose of proving that the contractile power of the

muscles is independent of the nervous influence.

The experiments consisted in employing the cor-

responding muscles of the two extremities of an

animal, the nerves of one of which were divided,

while those of the other remained entire. Both the

sets of muscles were then thrown into strong contrac-

tions by the direct application of a stimulant, when it

was found that the extremity in which the nerves

were left entire lost its contractile power as soon or

seoner than that in which the nerves were divided.^

This result appears fully to justify Dr. PhiHp's con-

clusion, that contractility is an inherent power of the

muscles, and does not depend upon any thing which

is conveyed to them through the media of the nerves.^

About the same time when Dr. Philip was engaged

in his experiments to prove the independent contrac-

tility of the heart, some valuable observations upon

the same subject were made by Mr. Clift, which led

iim to the same conclusion. They were made on the

carp, and it was found the heart of this animal is

capable of supporting its contractility for some hours

after its complete separation from the brain and spinal

cord.^

in concluding the review of this controversy we

8 Experimental Inquiry, p. 99- 9 Phil. Trans, for 1815, p. 89.

I Phn. Trans, for 1815. The important and decisive experiments

of Mr. Brodie, which have been already referred to, although per-

formed with a somewhat different object, bear very directly upon

this point; Phil. Trans, for 1811, p. 36, et seq. See also Mr.

Mayo's Comment, p. 16,
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may observe, that, on arguing upon this subject,

"writers in general have not sufficiently attended to a

point which was very explicitly stated by Haller him-

self, that the question is not whether the nerve gene-

rally intervenes between the action of the stimulant

and the contraction of the muscle, but whether its

intervention can, in any instance, be dispensed with.^

I have already had occasion to describe the process by

which volition is propagated from the brain down the

lierve to the muscle, and in all these cases it is suffi-

ciently obvious that the action of the nerve is an

essential part of the process. And this is not only

the case in all voluntary motions, but also in all those

motions, either voluntary or involuntary, where the

stimulant is not directly applied to the part that, is

liltimately moved. Here the transmission of the

effect is always through the nerve, and it appears,

moreover, that in many instances it is impossible to

produce the same effect in any way, except by means

of the nerve. A great number, however, of the most

important actions of the body are performed in con-

sequence of the direct application of stimulants to the

part that is to be moved. Of this description are the

vital functions generally, where different substances,

partly as it appears by their mechanical bulk, ar.d

partly by certain specific properties, cause the ^on-

» Whytt, a writer of considerable acuteness and information
argues upon the principle, that as the intervention of thp, nervous
system is necessary for the performance of certain muscular
motions, it must be so in all cases ; See the Essay m Vital and
Involuntary Motions, passimr
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traction of the muscular fibres to which they are

applied. These operations are most of them involun-

tary, apparently placed out of the direct influence of

the nervous system, and seem to be examples of the

excitement of muscular contraction in consequence

of the direct application of a stimulus. We accord-

ingly find that this question has been much embar-

rassed by not attending to the difference between the

voluntary and the involuntary muscles, a difference

which was seldom adverted to by the earlier phy-

siologists, although not totally unknown to them.

This difference will be more fully explained when

we discuss more particularly the nature of volition
;

but I may remark in this place, that although there

are certain muscles that act habitually in both ways,

and others which may, on certain occasions,' act in a

manner different from that which appears to be their

ordinary mode, yet that there is a decided difference

between the two classes, and that this distinction

depends, in a considerable degree, upon the quantity

of nerve that is sent to them, and the source whence

the nerves are derived. The organs of voluntary

motion are more plentifully supplied with nerves, and

thev are derived more or less directly from the brain

and the spinal cord, while the involuntary muscles

have fewer nerves, and those, for the most part, pro-

ceeding immediately from the intercostal nerve, or

from some of the numerous ganglia with which it is

connected.^ The ordinary motions of these parts are

3 Bichat, Anat, Gen. t. ii.p. 405; see also Johnstone on the

Ganglia, sect. 2.
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not only independent of volition, but they are with-

out consciousness, which always attends the contrac-

tions of the voluntary muscles, and they may be

generally said to want those characteristic circum-

stances which mark the intervention of the nervous

system, or which indicate it to have any connexion

with or co-operation in the effect produced.

In discussing this question we are therefore entirely

to discard the consideration of the voluntary muscles,

and to disregard all the experiments that have been

performed upon them, as it is admitted on all hands

that they are placed under the direct control of the

nervous system.* The only subjects of controversy

4 Dr. Philip, with his usual clearness and sagacity, has pointed

out the difference which exists between the voluntary and the

involuntary muscles with respect to the cause which stimulates

them into action. This, in the former, he states to be the act of

volition alone ; but this limitation, I conceive, to be liable to cer-

tain exceptions, although it is .obvious that the will is their appro-

priate and ordinary stimulant ; See " Inquiry," p. 101. If we

refer to the classification of the nerves which is stated above, we

should say that the voluntary muscles possess both perceptive and

motive nerves, the involuntary muscles possess no motive nerves,

and it is probable that their nerves are principally the simply sen-

sitive, with a small proportion however of the perceptive. This

consideration may lead to the conjecture, that the electric fluid is

not capable of acting upon the nerves which serve for the purpose

of simple sensation, but that both the perceptive and the motive

nerves are under its influence. Is it not probable that the small

degree of perception which the involuntary muscles possess is not

employed in their ordinary action, but serves only to convey to us

the knowledge of any unnatural or morbid state of the parts, and

that the ganglia are the centres to which these perceptions are

referred
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are the involuntary muscles, and here the fact seems

to be, that we have on one side the most decisive

proof that these muscles, such, for example, as the

heart, can act when entirely cut off from all connexion

with the nervous system, while, on the contrary,

we have no less decisive proof that they are capable

of being influenced by causes which can only operate

through the intervention of the nerves. This appa-

rent difficulty may be removed, as Dr. Philip has

clearly shown, by making a distinction between the

ordinary and the extraordinary action of these parts.

Under ordinary circumstances the heart contracts

merely by the stimulus of the blood, in consequence

of the inherent contractility of its fibres, but upon

certain occasions it is liable to feel the influence of

passions and other mental emotions, which can only

be conveyed to it through the intervention of the

nerves.^ What determines the operation of these

extraordinary circumstances, and how they are con-

nected with the involuntary muscles, will be the sub-

ject of future consideration ; but in the mean time

the facts must be admitted, and they seem to offer an

easy explanation of the difficulty which has so long

embarrassed this question.

By riot attending to this distinction between the

voluntary and involuntary muscles, the greatest part of

the experiments on the artificial application of stimu-

lants, which had been regarded as among the most

decisive arguments in favour of the doctrine of the

5 Exper. Inq. p. 79"
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S15

neurologists, will be found to be totally irrelevant to

the question. In the experiments of this kind the

application has generally been made to the voluntary

muscles, which are not properly the subject of the

controversy. If, on the contrary, the involuntary

muscles be employed, we shall obtain results that

favour the Hallerian hypothesis. From obvious

causes it is not so easy to perform experiments on the

involuntary as on the voluntary muscles ; but upon

the whole it seems tolerably well established that the

nerves which supply these parts are not affected by

the application of artificial stimuli, or rather will not

admit of the transmission of the effect to distinct

muscles, in the same manner Avith the nerves that go

to the involuntary muscles. The experiments with

the galvanic apparatus, which are the most easily

performed, lead to this conclusion, either that the

involuntary muscles are absolutely incapable of being

stimulated by the application of electricity to the

nerves, or at least in so small a degree as bears no

proportion to the size of the nerves, or to the con-

tractility of the part when the stimulus is applied

directly to its substance.^

^ For the effect of galvanism on the involuntary muscles, see

my Essay on Galvanism, p. 49; Bichat, sur la Vie et la Mort,

p. 120: Bichat, indeed, states the results of his experiments in a

general way only, yet We may regard his statement as sufficient to

prove the different effect produced on the two kinds of muscles

;

also Dr. Paris's observations on the effect of electricity on the

action of the heart ; Med. Juris, v. ii. p. 32. I must, however,

observe that Dr. Park, arguing from the same premises, is led to

form an opposite conclusion ; Quart. Joum, v. ii. p. 238, Because
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'The final result of the controversy appears there-

fore to be in favour of the doctrine of Haller, although

in admitting it we arc obliged to introduce certain

modifications, which did not enter into his original

hypothesis.^

§ 5. Arrangement of the Functions.

These observations upon the connexion wliich sub-

sists between the action of the muscles and the nerves

will enable us to decide upon the plan which we ought

to adopt in the arrangement of the functions. The
older physiologists, and many of the most eminent

among the moderns, have classed them under the

three divisions of animal, vital, and natural; the

first signifyhig those which are specifically attached to

animal existence, such as immediately depend upon

sensibility and contractility, including the various

forms of sensation and spontaneous motion ; the vital,

denoting those that are directly concerned in the con-

tinuance of life, such as the action of the heart and

lungs ; and the third class, the natural, intended to

it has been found in these experiments that the involuntary muscles

are very slightly affected by the galvanic influence, he contends

that there is no specific difference betvi'een them and the voluntary

muscles. But in answer to the objection of this intelligent phy-

siologist, I reply, that the extremely delicate sensibility of the

one class, and the small share of it possessed by the other, bears no

proportion to the quantity of nerves respectively sent to them, and

can only be explained upon the supposition of some essential dif-

ference in the properties of the nerves themselves, or in their

relation to the muscles.

7 Philip's Inquiry, p. 103.
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express those which are not necessary for the imme-

diate continuance of life, but which serve to maintain

the body in its proper condition, and to support all the

other functions ; in this class are placed digestion,

secretion, and absorption. There is a foundation for

this division, but it is in some respects faulty, espe-

cially in there not being any precise limits between

the two latter classes, the vital and the natural ; and

with respect to the nomenclature of the whole it is

obviously incorrect. In the first place, every one of

the functions may be strictly called animal, for in

every one of them the operation either of sensibility

or of contractility is immediately concerned. The

animal functions are also strictly entitled to the appel-

lation of vital, for not only are they directly essential

to the support of life, but they are likewise the most

characteristic of its presence; with respect to the

term natural, as applied to any description of func-

tions, it is clearly without any specific meaning.

Several new classifications of the functions have

been lately proposed in France by physiologists, whose

works, although of various characters, have each of

them obtained a considerable share of reputation ; of

these the most important are Dumas, Richerand,

Bichat, and Cuvier. The first of these writers, whose

productions are more distinguished by the popularity

of their style than by scientific research, divides the

functions into four classes; in the first he places those

whicli serve to connect the individual with external

objects, under which he includes nearly the same

operations which in the old arrangement were styled
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the animal functions, spontaneous motion, sensation,

and the action of the external senses. In the second

class he places the functions which maintain the body

in its natural condition, considering it as a compound

of solids and fluids, possessing the properties of co-

hesion, consistency, and temperature ; here are placed

the circulation, respiration, and the faculty of gene-

rating heat. The third class contains those func-

tions, the object of which is to preserve the compo-

sition of the body, and the properties immediately

connected with it ; among these are digestion, assi-

milation, sanguification, secretion, and absorption.

In the fourth class are placed the functions which refer

to the connexion that subsists between different indi-

viduals, as well those which serve for the continu-

ance of the species, as those which connect mankind

together by their moral agencies. Considered as a

physiological arrangement, the plan of Dumas is

decidedly bad : the second and third classes are sepa-

rated by a distinction which is not easy to compre-

hend, and the functions which are placed together in

the last class, whatever connexion they may have in a

metaphysical sense, have no physical connexion with

each other.

Richerand's method is much more simple ; he di-

vides the functions into two classes only ; those that

are subservient to the preservation of the individual,

and those that are subservient to the preservation of

the species. But this arrangement is not derived from

any natural principle of classification, and it presents

the practical objection of throwing almost all the
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functions into one of the divisions. Bichat, m this,

as in most other cases, has disregarded, in a great

measure, the opinions of his predecessors, and founded

his system upon a new principle, which appears more

philosophical, although not without considerable objec-

tions. He places all the functions in two classes, to

which he gives the names of animal and organic, the

first coinciding nearly with the animal functions of

the older physiologists ; the organic embracing both

their vital and natural functions. The author him-

self characterizes his animal functions as those which

distinguish the living animal from all other beings,

those which enable him to maintain his connexion

with the external world, originating from, or imme-

diately consisting in, the faculties of sensation and

locomotion. The organic functions are those which

serve for the support of the body individually, without

any reference to surrounding objects, which are per-

formed by certain organs that are similar, or ^t least

analogous, to what we find in every being that is pos-

sessed of organization. This division is preferable to

the old one, in being more simple, and in not attempt-

ing to discriminate between the vital and natural func-

tions, which are so closely connected together. But I

conceive that it is not unexceptionable, either with

respect to the actual nature of the functions, or to the

names by which they are designated. All the func-

tions are properly animal, for they are all sufficiently

distinct, both in their prime cause and their pheno-

mena, from any which are exercised by vegetables,

and they are all entitled to the name of organic, fpr
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the bi'ain and muscles are as properly organs of sensa-

tion and motion as the heart and lungs are of the

circulation and the respiration.

The arrangement of Cuvier may he regarded as

•compounded of those of Richerand and Bichat. He
•divides the functions into three classes, animal, vital,

•and generative^; the first coinciding with the func-

tions so named by Bichat, and the second being also

•similar to his organic functions, except in separating

those that are subservient to generation. This method

labours under the same objections with that of Bichat,

although it is perhaps somewhat improved by the

separation of the generative functions, which could

not with propriety be included under the organic,

according to the definition which he gives of them.®

Besides the objections that have been urged to

these different arrangements, considered individually,

there is one that attaches to them generally, as well

as to all the others that have been proposed, that

they do not make a sufficient distinetion between the

functions immediately resulting from the action of

the nervous system, as forming one of the constituents

of the body, and the mental or intellectual operations.

The brain is indeed the instrument of the mind, or

the medium through which the mind acts, yet it does

not necessarily follow that the mind is to be regarded

as a quality or property of the brain. But whatever

8 It may be worthy of observation that Cuvier, who is so emi-

nently distinguished for his sagacity in classification and arrange-

ment,' should have described sensibility and muscular contractility

as both of them functions of the nerves ;
Regne Anim.. p. 33.
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may be our opinion upon this point, we may without

hesitation assume that the functions which result

from the immediate action of the brain and nerves are

altogether so different from those of the mind or intel-

lect, that notwithstanding the connexion which sub-

sists between them, they should be placed in distinct

classes. Perhaps one cause why writers on physiology

have not made separate classes of these two orders of

functions may be, that they supposed the former of

them only to be the proper objects of their attention,

and that the mental or intellectual powers belonged

exclusively to the science of metaphysics. This,

however, is no ground for employing a defective

arrangement, and it may be farther remarked, that

although the object of metaphysics be very different

from that of physiology, yet the operations of mind

and- body are so intimately connected together, and

the one part of our frame has so much power over the

other, that no system of physiology can be perfect, in

which the mental faculties are entirely disregarded.

The mode of viewing the subject which appears to

me the most correct, is to regard contractility and

sensibility as the two primary attributes of animal

life, each equally characteristic of it and peculiar to

it, and each performed by its appropriate organs. The
functions depend upon the exercise of these powers,

and although probably in all cases they are both of

them exercised, yet generally one of them seems to

be the principal agent, or the prime origin of the

ensuing operation ; we may consequently divide them
into the contractile and sensitive functions, or those

yOL. I. Y
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which more directly belong to contractility and to

sensibility, and which of course serve respectively

for motion and sensation, and to these two classes,

according to the remarks that have been made above,

must be added the third class of the intellectual

functions.

The contractile functions must be considered in

the first place, as being the most independent, and

what may be regarded as the prime cause of the

others, for we have seen that the muscular system

can act without the intervention of the nervous, but

that the nervous is directly dependant upon the mus-

cular. The heart and the involuntary muscles con-

tinue to contract, and the hmbs remain sensible to

the impression of stimulants, after the brain and spinal

Gord are totally destroyed, but if the circulation and

the respiration be stopped, the nervous power is

immediately extinguished.

Among the contractile functions, the essence of

which consists in motion, the first in point of import-

ance, and the one which may be regarded as the

most necessary to the direct support of life, and to

the indirect maintenance of all the rest, is the circu-

lation. In all animals, whose functions and mode

of existence bear any considerable analogy or resem-

blance to the human subject, we observe that the

fluid which serves for the support of the system,

and from which the materials for its nutiition are

immediately derived, is kept in continual motion. In

the more perfect animals the great source of motion

in the circulating fluid is the heart, but as we de-



Contractile Functions. 323

scend in the scale of organization, the heart becomes

of less relative importance, and a part of its power

is supplied by the action of the great vessels, until

at length we arrive at an order of animals, where its

power is entirely superseded by that of the large ar-

teries, while in the lowest tribes, which possess any

thing analogous to a sanguiferous system, the large

arteries themselves are not to be distinguished, nor is

there any regular progression of the fluids, and we can

observe nothing more than a general oscillatory

motion in them, which appears to be equally extended

through all parts of the body. It must, however,

be observed, that the perfection of the circulating

system does not hold an exact ratio with that of the

organization generally. Many insects that have

various distinct organs, and a variety of delicate

functions, have no circulating system,^ and the office

of the heart and arteries is supplied by parts which

act upon a different principle.

Next to the circulation, in point of importance,

comes the respiration, the function by which the fluid

that is carried along the vessels is adapted for the

purposes of life, by a certain change which it expe-

riences from the action of the air. This function, in

some form or other, is probably exercised by all classes

of animals. The same kind of complicated mecha-
nism, which exists in the higher orders, is not indeed

found in a great number of the inferior tribes, but in

them we may trace something which is to be regarded

9 Lamarck, Hist* des Anim. sans Verteb. Intr. p. 149.

Y 2
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as a substitute for it, or as supplying its place, by
enabling the air to produce its appropriate action on
the nutritive fluid. After these two functions, one
by which the blood is carried to all parts of the body,

and the other by which it acquires its vital properties,

we come to those of calorification, secretion, digestion,

including assimilation and sanguification, and absorp-

tion, functions which serve, in some way or other, for

the continuance of the action of the animal machine,

and which preserve all its parts in their proper condi-

tion, without, however, being essential to the imme-

diate support of life. In this class we may place the

function of generation, wdiich, although one ofthe most

inexplicable of all the operations that are performed

by the animal powers, and acting in a specific man-

ner, of which we have no other example, may be con-

sidered as essentially consisting in secretion.

Although I have spoken of some of these functions as

being more essential to life than the others, still, when

we take a general survey of the animal oeconomy, we

find that they are all of them intimately connected

together, acting, as it were, in a kind of circle. Tlie

circulation has been stated to be the prime cause of all

the rest, for it is that which carries to every part of

the body the fluid which endows it with its vital pro-

perties and its appropriate powers. The heart, how-

ever, would be incapable of fulfilling its functions

were not its fibres furnished with a regular supply of

blood, which has been carried through the lungs, and

is acted upon by the air in the process of respiration,

which transmission of blood through the lungs is
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itself effected by the action of the heart. If we con-

ceive the heart and lungs, or some organ equivalent

to them, to be in action, so that the blood may receive

its proper alteration from the air, and may be carried

to all parts of the body, we have the essentials of

life, and are in possession of those functions by which

existence may be maintained, and the individual pre-*

served, for a certain length of time, in a perfect con-

dition. Both the solids and the fluids of the body

are, however, in a constant state of change. One
essential office of respiration is to discharge a quan«

tity of carbonaceous matter from the lungs; and the

blood, after it has passed through the vessels, is inca-

pable of continuing its office without a supply of fresh

materials. The heart itself, the great source of all

the motions of the body, and the centre of the circu-

lating system, would lose its powers, were not its suh»

stance gradually renewed, and the waste that is thus

going forwards from various causes counteracted by
the functions of digestion and assimilation. But for

the performance of these functions it is necessary that

certain substances should be separated from the mass
of blood, constituting the process of secretion, and,
after the future nourishment is prepared and elabo-

rated, absorption is necessary to carry it to its proper
receptacles. All these Functions are therefore as
necessary for the continued support of the body, as the
circulation and respiration are for its momentary exisfc-
ence, but they are so in a less direct manner, and an>
connected more through the medium of certain mecha'-
nical and physical changes, than in consequence «f
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any changes which seem immediately connected with

the specific powers of the system.

These remarks on the relative importance of the

different functions must be understood only as they

regard man and those animals that the most nearly

resemble him in their organization. As we examine

the various classes with respect to each other, taking

in the whole of the scale, from the most perfect to

those that are the least so, we observe a very different

order to prevail respecting the connexion between the

functions and their relative degrees of importance.

Beginning from the human species, and descending by

a gradual progression, we find that the intellectual

functions are the first that disappear, the sensitive

also become fewer in number or more contracted in

their operations, and, according to the opinion of the

most learned naturalists, many of the lowest tribes of

animals are entirely without a nervous system, and

in consequence are deprived of the powers that depend

upon it. Among the contractile functions, the circu-

lation, which we have considered to be the most impor-

tant in man, is the one which is first found to be want-

ing among the lower animals ; the organs of respira-

tion, secretion, absorption, and generation, gradually

become less and less distinct, until at length they can

be no longer traced, while the last that remain are

those of digestion, although there is a considerable

number of animals in whom no distinct apparatus even

for digestion can be detected. The power of pro-

ducing their species is also absolutely essential to ani-

mal existence, but the manner in wliich this is accom-
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plislied in the most simple animals is totally different

from the function of generation as exercised by the

more complicated, and in the former no distinct organ

for this purpose can be discovered. According to

Lamarck, who has minutely attended to the grada-

tions of animal existence, the organs of the several

functions, when considered with respect to their rela-

tive necessity for the absolute support of life, and the

universality of their occurrence, will stand in the fol-

lowing order ; the organs of digestion, those of respi-

ration, of motion, of generation, of perception, " sen-

timent," and lastly of the circulation.^

The sensitive functions may be divided into two

classes ; first, those which originate in the action of

the external agents upon the nervous system, and^

secondly, those of a reverse kind, which depend upon

the re-action of the nervous system on these agents.

In the first of these divisions are included what we
call the external senses, the sight, hearing, taste,

smell and touch, and in the same division must be

placed the sensation of hunger, that of temperature,

and some others, which have not been correctly discrL

minated from general feeling,but which possess specific

characters. In the second class, those functions

which depend upon the re-action of the nervous sys-

tem on external bodies, we must place volition, and
to the same class we may also refer instinct, associ-

ation, sympathy, habit, and some other faculties of a
similar kind, which appear to hold, as it were, au

* Anim. sans Vertel?, U i.
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intermediate rank between the corporeal actions and
those of a purely intellectual nature. As the func-

tions which compose the first of these classes mav be

all referred to a species of perception, so the latter

may be considered as more or less analogous to voli-

tion ; in the former, the effect upon the nervous system,

whatever it be, is propagated upwards from the extre-

mities to the centre, in the latter, it proceeds in the

opposite direction, from the centre to the extremities

of the body.

The intellectual functions form the third class

;

these are a less direct object of physiology than the

two former, yet many of them are so closely connected

with the physical changes of the body as to require

some degree of notice in a system which professes to

give a complete view of the animal oeconomy. These,

although intimately, and, as it would appear, neces-

sarily connected with the nervous system, are, at the

same time, so different in their phenomena and their

characters from any of the properties of matter, that

I conceive we are warranted in the conclusion that they

originate from an essentially different source, and are

of an essentially different nature. Wliatever hypo-

thesis, however, we may adopt upon the subject, it is

obvious they they possess the power of acting upon

matter, and that they exercise a very extensive influ-

ence over the animal body, and as far as this influence

extends, it will fall under our department to investi-

gate its nature and to trace its effects. Among these

intellectual operations, which possess a decided action

upon the corporeal frame, we must place the passions.
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and in tlie same class we may regard that compound of

mental and physical influences, from which results

what we call temperament and character. We hence

proceed to functions of a more purely intellectual

kind, which, as they recede from the corporeal, and

advance towards the mental part of our frame, are less

within our province, and belong more to the moralist

or the metaphysician.*

* For an account of the recent observations and expeiimentSy

on the various parts of the nervous system, by Prof. Tiedemann,

MM. Fleurens, Serres, and Desmoulins, and Mr. Mayo, see the

Appendix to this Chapter, v. iii. p. 265.
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CHAP. V.

OF THE CIRCULATION.

^ 1. hitroductory Ohsei^vations,

I HAVE now described in succession the principal

ingredients of which the body is composed ; the

membranous matter, the bones, the muscles, and the

nervous substance ; and I have likewise given an

account of the two general properties which distin-

guish animals from all other beings, contractility and

sensibility. I must now proceed to the different

functions which are individually exercised by the par-

ticular organs of the body, which, all of them, consist

either in motions brought about by the contraction of

the muscular fibres, in sensations produced by the

appropriate actions of the nervous system, or in pecu-

liar affections of certain parts of this system, which are

connected with the various intellectual operations.

According to the arrangement which I proposed in

the last chapter, I shall begin with the contractile

functions, those which more immediately depend

upon the contractility of the muscular fibre, because

they seem to be the most essential to the existence of

the animal frame, and because we conceive ourselves

to be better acquainted with their nature, and regard

them as being more analogous to the other powers of
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matter, tlian the functions which depend upon the

operations of the nervous system.

I have already made some remarks upon the con-

nexion of the functions with each other, and upon

their relative importance to the support of animal

existence, and we are led to conclude, that in the

higher orders of organized heings, the circulation of

the blood seems to he, as it were, the main spring of

all the rest, that from which they derive their origin,

and which is the most essential to the well-being of

the whole. Respiration, in the most perfect animals,

is, indeed, as essential to their existence as the cir-

culation, but, if we may be allowed the expression,

it is only incidentally necessary, inasmuch as by

respiration we produce that change in the blood which

gives the heart its power of contraction. It appears

to follow as a direct consequence of Mr. Brodie's

interesting experiments, that if the blood had its spe-

cific change induced upon it by any other means, or

were it exposed to the action of the air in any other

manner than by passing through the lungs, all the

functions would go on as at present without inter-

ruption,^ whereas, if the circulation be impeded or

suspended, every part of the system, and every one of

the functions, immediately feel the effect. This

observation is, however, strictly applicable only to a

part, although that a large part, of the animal king-

dom. As I have remarked above, there is a numerous

class, and that possessed of a considerably complicated

« Phil. Trans, for 18U, ji. 36^ etseq^
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organization, which has no circulation of the blood,

and yet in these the nutritive fluid is acted upon by

the air in a way which may be regarded as analogous

to respiration. But the general structure of these

animals, and the nature of their functions, bear so little

analogy to that of man, as not to allow of their being

compared to each other, or considered as merely occu-

pying different gradations in the same scale.

With respect to the other contractile functions, I

may remark that, however necessary a certain tempe-

rature may be to the existence of what are called the

warm-blooded animals, who, being generally immersed

in a medium colder than themselves, require some

apparatus for generating or evolving caloric, in order

to supply this deficiency, yet this may, in like man-

ner be regarded as rather incidental than essential,

and what is more dependant upon the peculiar cir-

cumstances in which they are placed, than upon any

thing necessarily connected with the support of life.

The functions of digestion, absorption, and secretion,

are evidently still less subservient to mere existence,

their object being either to supply materials for the

growth and mechanical support of the body, or to

mould and fashion its form, while generation is obvi-

ously unconnected with the life of the individual,

and is only useful as a means of perpetuating the

species.

If we take into consideration the relative import-

ance of the contractile and sensitive functions, or of

the heart and the brain, as being the respective

centres of each, so far as regards jnere animal exist-
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ence we shall also be led to decide in favour of the

former. In the higher orders of animals indeed,

where there is the greatest number, and the most

perfect development of the organs and functions, the

brain and the heart may, at the first view, appear to

be equally essential, not only to the continuance of

their full powers, but even of life itself. Upon a

more accurate examination of the subject, however,

we shall find that the heart is the centre, not of the

contractile powers alone, but of the whole of the

corporeal frame, a conclusion to which we are led,

both by anatomical researches, and by the nature of

the powers and functions respectively exercised by

these parts.

When we attempt to trace the progress of an

organized being, from its earliest stage of existence

to its full maturity, the first appearance that we

observe of any arrangement of parts consists in the

rude sketch of what is afterwards to become the

organs of circulation. We are informed by Harvey,

who accurately observed the gradual development of

the different parts of the embryo in the chick during

incubation, that the first appearance of distinct

organization was a beating point, punctum saliens, as

he expresses it,^ which was the rudiment of the future

3 Quarto itaque die si inspexeris punctum sanguineum

saliens emicat ; De Gener. Exer. p. 17- Haller observed the pulsa-

tion of the heart at a considerably earlier period : see Comment,

de Form. Cord, in Op. Min. t. ii. p. 101, and Comment, de Form.

Pulli, 0. 9- " Deinde hora 42 et cor vidi et aortam, et mo-

tum vertiginosum quasi, sagittseque similem, sanguinis rubigi^
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heart, and which preceded the formation of the other

parts of the body, being visible for some time before

he could discern any trace of the brain. The exist-

ence of acephalus foetuses affords a further con-

firmation of the same opinion ; as these beings are

absolutely without brains, so it is certain that they

cannot possess any share of those powers which are

derived solely from this organ; yet they have grown to

their full size in the uterus, and have even lived for

some time after they have been expelled from it, and

their death has appeared to be owing, not to any

physical impossibility to the continuance of life, but

to their not being able to effect those changes which

are, as it were, incidentally necessary to the continu-

ance of an existence of any considerable duration.

For example, a regular supply of nutritious matter is

essential to the support of life ; this can only be sup-

plied by the introduction of food into the stomach,

and food can only be received into the stomach by the

act of deglutition, but this act, at least in the higher

order of animals, cannot be performed without the

intervention of the nervous system.

Then with respect to the dependance of these two

parts upon each other, the view which has been taken

of the nature of their powers, and the manner in

which they are exercised, lead us to the same opinion.

The very existence of the brain, as composing part of

the substance of the body, necessarily implies the

nosi ex corde sursura projecti, iterumque relabentis ;" Op. Min.

t, ii. p, 369' See note in p. 297.
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conveyance of the blood or some analogous fluid for

its formation and support, while, on the contrary, it

does not appear that the mechanical contraction of

the heart, or the means, whatever they may be, by

which the fluid is carried to the brain, is necessarily

connected with the exercise of any sensitive function.

These considerations, and others of a similar kind,

both anatomical and physiological, all conduce to the

conclusion, that we must regard the heart as the

centre of the whole corporeal frame, the fountain of

life, which is designed to pour out its vital streams to

every part of the system, and to unite the various

functions, however different in their nature and

operations, into one harmonious whole.*

§ 2. Description of the Heart and its Appendages,

The organs of circulation may be divided into

three parts, as connected with their structure and their

uses, the heart, the arteries, and the veins. The

heart is a hollow muscle, composed of masses of strong

longitudinal fibres, forming an irregular cone, and

leaving an internal cavity. The outside of the heart

^ Soemmering has adduced various considerations, which appear

conclusive as to the point, that the nervous system is not neces-

sary to the mere continuance of life; Corp. Hum. Fah. t. iv, § 87.

The same doctrine is the necessary deduction from the decisive

experiments of Mr. Brodie and of Dr. Philip, which have been

already referred to, and is confirmed by some experiments that are

related in the posthumous work of my much respected preceptor.

Dr. Marshall
; Anatomy of the Brain, p. 249, et seq. ; and like-

wise by those of Mr. Mayo; Comment, p. 16*.
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is covered with a firm membrane, and the internal

cavity is lined with the same substance, the muscular
part is copiously supplied with blood-vessels, but its

nerves are considered as few in number in proportion

to its bulk.' It is suspended from its base by the

great blood-vessels, which form the main trunks of the

sanguiferous system, and it is enclosed in a mem-
branous bag called the pericardium ; it is situated in

the left side of the fore-part of the thorax, resting

upon the diaphragm. The interior of the heart is

unequally divided, by a strong muscular septum,

into two distinct cavities, called ventricles, which have

no direct communication with each other ; there are

also two membranous bags at the base of the heart,

called auricles, forming in all four separate cells, each

of the auricles communicating with its corresponding

ventricle, but the auricles as well as the ventricles,

having no direct communication with each other.

Although the auricles may be considered as mem-

branous bodies compared with ventricles, yet they

are furnished with numerous fibres, and possess the

power of contraction.

In describing the different parts of the heart,* it is

customary to speak of its right and left sides, and of

the right and left auricle and ventricle, but it is well

known that the terms are not correctly applicable to

the situation of these cavities in the human body,

5 Vide Supraj p. 304.

6 Perhaps one of the most ample and correct anatomical descrip-

tions of the heart will be found in Bichat's Anat. Des. t. iv. p. 87^

et seq.; see also Boyer, Anat. t. iv. p. 277«
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which, as far as its situation is concerned, are more

j

accurately designated by the words anterior and pos-

terior. The terms right and left were originally em-

ployed by the ancients in consequence of their dissect-

ing brute animals, in which the heart is placed differ-

ently from what it is in the human subject, and cor-

responds generally with the terms that were employed.

This affords one proof, among many others of a similar

j

nature, that when Galen and his successors described

the anatomy of man, their descriptions were borrowed,

at least in a great measure, from the different species

i of simiae, which, in consequence of the superstition

and prejudices of the age, they were obliged to sub-

stitU'te for the human body/ With respect to the

names which we attach to the cavities of the heart,

perhaps, upon the whole, the most unexceptionable

terms, and those which are the least likely to lead to

any erroneous conceptions, are pulmonic and aortic,

J those which are usually called right being immedi-

^ ately subservient to the pulmonic, and those called

|,
left to the aortic circulation.

The use of the heart, as forming a part of the circu-

1 lating system, is to receive the blood from the veins

! and to propel it again through the arteries ; this is

accomplished by the contraction of its fibres, by which

the cavities of the heart are diminished in size, and

|,
their contents necessarily forced out. The simple

^ diminution of the cavities, and the mere pressing out

I

of the blood, would not, however, be sufficient for the

7 Haller, El. Phys. iv. 2, 3.

VOL. I. 2;

I
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purpose of the circulation; for it is not only neces.

sary that the blood be moved, but that it be moved
in the right direction. For this purpose the heart is

furnished with an elaborate mechanism of valves,

which are attached to the orifices of the ventricles

and the mouths of the arteries, and which are so

constructed, that when the heart contracts, and the

blood is forced out, the current is necessarily propelled

in the proper direction.

When the blood leaves the heart it is sent with

considerable force into the large trunks ofthe arteries;

these vessels soon begin to ramify in different direc-

tions to all parts of the body, until at length they are

reduced to vessels too small to be traced by the eye or

even by the microscope. The arteries, which perform

'

this office of conveying the blood from the heart, are

flexible, elastic tubes,^ principally composed of mem-

branous matter formed into distinct layers, and com-

posing what have been called the coats of the arteries.

Of these membranous coats anatomists usually describe

two, as possessing a sufficiently determined structure

to be easily distinguished from each other ; the outer

one partaking more of the nature of the cellular tex-

ture, and therefore called the ceUular coat and an

8 It may be necessary to observe that, according to the obser-

vations of the most accurate anatomists, the arteries are not per-

fectly cylindrical, but conical, the narrower end of the cone being

situated towards the heart. See Hunter on the Blood, p. l68, et seq.

9 Some anatomists have been disposed to regard this outer coat

as merely a continuation of the cellular substance, whicli is conti-

nued over all the body, and connects together its different parts, and

have therefore conceived it to be not essential to the existence of
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inner membrane, white, firm, and smooth, possessing

more of the physical properties of tendon. In con-

sequence of the erroneous notions which formerly

prevailed on the subject of the white parts of the

body, to which I have already alluded, this latter was

named by the older writers the nervous coat, a name

which has still been applied to it by some of the mo-

derns ; but it is sufficiently designated by the name

of the interior or innermost coat.

Between these membranous coats is situated a stra-

tum of transverse fibres, which have been termed the

muscular coat: this has been supposed, like other

muscular parts, to possess a contractile power, and to

give the artery the capacity of alternately contracting

and relaxing, thus assisting the heart in the propul-

sion of the blood.^ To this alternate change in the

capacity of the arteries the pulse has been commonly

ascribed, and the sense of pulsation which the artery

gives to the finger, when applied to certain parts of

the surface of the body, has been supposed a sufficient

proof of the existence of the arterial dilatation ; but

this point will be considered more ftdly hereafter. The
mouths of the two great arteries, which receive the

the proper arterial structure, an opinion wMch I am disposed to

consider as correct, but I have thought it desirable to employ, for

•the present, the ordinary phraseology. See some judicious obser-

vations in a Review of Beclard's Additions to Bichat ; Ed. Med.
Joum. t. xviii. p. 258.

* The nature of these transverse fibres, and the question whe-
ther they are properly entitled to the appellation of muscular, and
possess a proper contractile power, wUl be considered hereafter.

z 2
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blood as it Is projected respectively from the two ven-

tricles of tlie heart, are each of them furnished with a

system of valves, by means of which, when the blood

once enters the arteries, it cannot return into the

heart, but is necessarily forced towards the extremities.

When the blood has been transmitted by the arteries

over all parts of the body, it is returned again to the

heart by the veins, being first received by their minute

extremities, and carried from smaller to larger branches,

contrary to what takes place in the arteries, until at

length it arrives at the large trunks, and is poured

from them into the heart. The veins are membranous

tubes like the arteries, but they differ from these in

possessing a less firm texture, in being nearly without

the transverse fibres, and in having a number of valves

in different parts of their course ; whereas the arteries

have no valves except at their commencement.

After this brief and general sketch of the organs

of circulation, the next object will be to trace the

blood through its whole progress, beginning at one

part of the circuit, and following it until it arrives

again at the same point. But before I enter upon the

description, I must observe that the blood in fact

makes two circulations before it absolutely completes

its course, being, between the two, brought back again

to the heart, although not to the same part of this

organ. This double circuit depends upon the circum-

stance, that by the circulation of the blood two dis-

tinct objects are obtained ;
by one of them the blood

is sent into the lungs, and is there exposed to the

action of the atmospheric air, by which its properties
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are changed, and it is adapted to the support of life.

The blood, having thus acquired its specific vital pro-

perties, is returned to the heart, and is again sent out

from this organ, along another set of vessels, to all

parts of the body, except to the cells of the lungs,

through which it had been transmitted in its former

circuit. These two circuits have been distinguished

by different appellations ; from the extent of their

course they have sometimes been called respectively

the lesser and the greater circulation ; or perhaps more

appropriately, from the parts to which they are sent,

the first has been called the pulmonic and the latter

the aortic or systemic circulation.^ The organs of

the circulation have also been divided into the arterial

and the venous parts, as depending upon the struc-

ture of the vessels and the mechanical purposes which

they respectively serve. They have likewise been

divided into the parts containing the red and the

black blood, a division which proceeds more upon
physiological than upon anatomical principles, and
does not entirely coincide with the former. We shall

find it convenient to use each of these divisions on
certain occasions, employing one or other of them

* These are the terms employed by Dr. Barclay in his " New
Anatomical Nomenclature," p. 176, a work which is justly enti-

tled to the praise of ingenuity, but I think the proposed alter-

ations are most of them unnecessary, and on that account veryr

undesirable. The partial adoption of a new language in any
department of science tends to embarrass the memory, and the
general adoption of it would have the serious objection of render^
ing the old standard authors, in a great measure, unintelligible.
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according to the objects in view, or the particular

point which we wish to illustrate.

In tracing the progress of the blood through the

heart and along the arteries and veins, I shall begin

with that part where it is returned by the systemic

veins, or those which belong to the greater or general

circulation, into the right auricle of the heart. From

the right auricle it is poured into the right ventricle

;

when the ventricle becomes distended to a certain

extent, its fibres contract, and its cavity being thus

considerably diminished, a proportionate quantity of

the fluid which it contains it expelled. There is a

valve, or set of valves, which, from its figure, as con-

sisting of three principal divisions, has been called

tricuspid, attached to the passage between the auricle

and the ventricle, and so constructed, that, by the

contraction of the ventricle, it closes up this oritice,

and prevents the blood from returning into the amicle,

so that it is necessarily sent forwards into the pulmo-

nary artery, which likewise opens into the right ven-

tricle. The pulmonary artery carries the blood

through the lungs, in a way which will be more parti-

cularly described hereafter, along the lesser or pul-

monic circulation ; and, after it has undergone its

appropriate change from the action of the air, it is

returned into the left auricle by the pulmonary veins.

The same mechanical process occurs in the left side of

the heart as I have just described with respect to the

right ; the ventricle contracts, a valve at its mouth,

which, from its consisting of two principal divisions,

is called the mitral valve, prevents the Wood from
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returning into the auricle, and it is accordingly pro-

pelled into the aorta, the great systemic artery.

When the blood has once entered the artery, it is

prevented from flowing back into the heart by a set

of valves called sigmoid or semilunar, placed at the

mouth of the vessel, so that any motion which is

afterwards impressed upon it, after it once enters the

aorta, either by the succeeding portions of blood sent

from the heart, by the action of the vessels them-

selves, or by an extraneous cause, must all have the

effect of carrying the blood forwards from the heart

into the veins, then from the smaller veins into the

vena cava, the main trunk of the systemic veins, and

finally depositing it in the right auricle.

^ 3. History of the Discovery of tlie Circulation,

A slight and casual observation of the phenomena

of the living body was sufficient to prove that the

blood is perpetually in motion, but the nature of this

motion, or the course which it pursues, was unknown

to the ancients.^ They had many chimerical and

unfounded opinions upon the subject, which it is not

necessary to detail, although some of them were

sanctioned by high authorities. As a specimen of

their notions it may be sufficient to state, that they

.considered the principal office of the arteries to be that

of conveying air or some kind of spirits to and from

the heart, while the veins carried the blood ; that the

s For an account of the opinions of the older anatomists on this

•ttbject, see Senac'g Treatise on the Heart, Intxod* p, 68, efrnec^
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fluids moved along the vessels in one direction during

the day, and in the contrary direction during the

hours of sleep, and various doctrines of a similar

kind were maintained, either derived from incorrect

or imperfect observations, or founded totally upon

mere unauthorized hypotheses.

Some approaches to the true theory of the circu-

lation were made by Servetus, or Servede, the cele-

brated victim of Calviuistic intolerance, and after-

wards by the Italian anatomists, Colombo and Cesal-

pini, who flourished in the sixteenth century. It

appears that they had each of them a pretty correct

idea of the passage of the blood through the lungs,

along the lesser circulation, and were even aware of

its being acted upon by the air, during this part of its

course, but, in other respects, their view of the sub-

ject was completely erroneous.* The honour of the

grand discovery of the circulation, the greatest that

was ever made in anatomy or physiology, is due to

our illustrious countryman, Harvey. He completed

the discovery about the year 1620, but, with a rare

degree of philosophical forbearance, he spent eight

years in digesting and maturing his ideas, when they

were at length given to the world in a short tract,

written with remarkable clearness and perspicuity,

which is well characterized by Aikin, " as one of the

most admirable examples of a series of arguments,

deduced from observation and experiment, that ever

appeared on any subject."^

4 Haller, El. Phys. iv. 4, 17; Sabatier, Anat. t. ii. p. 255.

5 General Biography, v. 5. p. 72. See Harvey de Motu Cordis

et Sanguinis Circulo.
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The manner in which this discovery was received

by the public forms a curious and interesting:

occurrence in the history of philosophy. Harvey,

for some time, scarcely made a single convert, and

an excessive clamour was excited against him, fo\-

having called in question the revered authority of the

ancients. He fortunately lived in a country which

had been favoured with the light (£ the reformation,

otherwise it is not impossible that he might have

shared the fate of Galileo ; for some of his antago-

nists, when they found themselves foiled in argu-

ment, did not scruple to raise against him the

weapons of superstition and prejudice, insinuating

that his new doctrines would tend to subvert the

credit of the Scriptures, and thus undermine the

foundations of religion and morality. After some?

time, however, it was found that Harvey's theory-

was true, and his opponents then commenced a dif-

ferent plan of attack. ^.They asserted that the doc^

trine of the circulation, which had been brought for-

wards by him as a new discovery, was well known

to the ancients, and passages were quoted and warped

in a thousand ways to prove the allegation. It is

asserted that, for some years, he even suffered in his

professional practice from the prejudice excited against

him ; but by degrees the merits of his discovery

began to be appreciated, and he lived long enough to

witness the triumph of truth over the cavils of

ignorance.

Harvey's doctrine of the circulation is now so

universally admitted, that it might seem unnecessary
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to adduce any formal train of reasoning in its sup-

port. It may, however, be useful to review the

nature of the arguments that were employed, as

many of them consist of curious matters of fact, and

throw considerable Hght upon the structure and pro-

perties of the sanguiferous system. If we open the

chest of a cold-blooded animal, and bring the heart

into view, we may observe its alternate contraction

and dilation proceed with great regularity.^ For a

short space of time the heart lies at rest, and suffers

itself to be distended with blood, then it is suddenly

seen to rise up on its basis, to shorten its fibres, and

to expel its contents. During this process it strikes

the ribs, and produces what we call the beating of

the heart, which does not depend, as is sometimes

imagined, upon the distention of the heart from the

blood which is received into it, but, according to the

ingenious suggestion of W. Hunter, upon the injec-

tion of the blood into the curve of the aorta tending,

to a certain degree, to straighten this part, and to

raise up the apex of the heart, by which it is brought

into contact with the ribs.^

The passage of the blood along the arteries and

the veins was first demonstrated to the eye by the

experiment of Malpighi,^ who, by applying the micro-

6 Harvey, Exer. 1. cap. 2.

1 J. Hunter on the Blood, p. 146, note. Harvey was well aware

that the striking of the heart against the ribs did not depend upon

its distention, p. 30. For some observations on the beating of the

heart by Dr. Alderson, see Appendix, v. iii. p. 397*

8 Malpighi informs us that he saw the circulation of the blood,

by meam of the luicroscope, in the xoeiuhranous past of the lun^



Proofs ofthe Circulation. 347

scope to th? web of a frog's foot, or other transparent

membranous part, enabled us to behold the mterest-

ing spectacle of the arteries rapidly projecting the

blood in successive waves towards their extremities,

where it was received by the veins and returned in a

uniform stream by their trunks. It must, however,

be acknowledged, that this experiment, although a

pecuHarly beautiful one, can scarcely be regarded as

proving more than the mere passage of the blood

through the arteries and the veins, and the circum-

stance of the pulsation being confined to the former

of these vessels, for the rapidity of its motion, and

the interlacing of the vessels with each other, scarcely

permit the eye to detect the exact progress which it

follows.

From an inspection of the mechanism of the

valves, we perceive that it is impossible for the blood

to return from the ventricle into the auricle, because,

when this fluid endeavours to escape, the first effect

is to raise up the valve which was floating upon its

surface, and to apply it closely to the passage which

leads from the ventricle to the auricle. There is,

however, no obstacle to the entrance of the blood into

the arteries, and we accordingly find that they become

and the mesentery. See his Second Epistle De Pulmonibus/'

addressed to Borelli; it is dated I66I ; see also Boerhaave, Prae-

lect. ab Haller, notse ad § I60. Leeuwenhoek first saw the cir-

culation by the microscope, ag it seems, in the year I698 ; he

observed it in a bat's wing, a tad-pole, and a fish's tailj Hoole's

Leeuwenhoek, p. 90, et seq.; also Epistolse, p. 49, where, in a

letter to Heinsius, Oct. l6'98, he describes his observations on

the circulation iji microscopic eels.
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distended with blood. From various causes, which

will be more particularly examined hereafter, tlie

artery then contracts, but the valves which are at its

mouth are so constructed as to prevent the blood from

getting back into the heart, so that it must be neces-

sarily carried forwards into the minute branches of

the arterial system.

The curious operation called transfusion proves the

course of the circulation to be from the arteries into

the veins. In this operation, which seems to have

been invented, or at least perfected by Lower, about

the year 1660, the artery of one animal is connected

by a tube with the vein of another animal, when we

find that the first is gradually emptied of its blood,

while the second is brought into a state of plethora.

If an opening be made at the same time in the veins

of the second animal, the blood originally belonging

to it will escape, and thus the fluid in the vessels

generally will be changed. At the time when these

experiments were made, diseases were commonly sup-

posed to depend upon some morbid qualities residing

in the blood, and as the operation of transfusion

held out a method of changing this fluid at pleasure,

it was hailed as a most important means of restoring

the health, and, repugnant as it appears to the feel-

ings, some individuals actually submitted to have the

blood of lambs or calves transmitted into their vessels,

fi^r the purpose of being cured of certain diseases, or

having their vigour renovated when it was exhausted

by old age.

It does not belong to my present object to notice
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the operation, except so far as it may illustrate the

theory of the circulation, otherwise it would be

amusing to recount the exti'avagant expectations that

were formed respecting its probable advantages.

Lower himself, who was a man of science, and pos-

sessed of a clear and philosophical turn of mind,

seemed to regard the discovery as a new era in the

liealing art,^ and it was warmly patronized by other

learned persons, who might be supposed less apt to

be biassed in its favour. But the first experiments of

the kind that were performed upon the human sub-

ject ended fatally, and although the advocates for the

practice endeavoured to show that these unfortunate

events were not necessarily connected with the act of

transfusion, yet it excited so much alarm, and ap-

peared altogether so disgusting and shocking an

operation, that it was prohibited in France by an act

of the legislature, and everywhere soon fell into

complete neglect.^

9 Dc Corde, c. 4>; Boerhaave, Prsel. ab Haller, not. ad § 160.

^ The following papers give an account of some of the first

experiments that were performed on this subject. Phil. Trans.

No. 12, p. 352, (1666.) A general notice of the fact of transfu-

sion having been performed before the Royal Society in London
and at Oxford. No. 20, p. 353. A more full detail of the experi-

ment. No. 25, p. 449, (1767.) An account of further experi-

ments. No. 26, p. 479- The operation is performed at Paiis. No.

27, p. 490. The operation is performed at Pisa, by Fracassi. No.

28, p. 517. Account of Bond's case at Paris, the first human sub-

ject on whom the operation was performed ; it ended fatally. No.

30, p. 557. The operation was performed in London on a human
subject by Lower and King. No. 32, p. 61 7, ( 1 668.) Denys per-

forms the operation at Paris on a maniac ; the disorder is supposed to
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A fifth argument that was advanced as a proof of

the circulation being from the arteries into the veins

is derived from the effects of wounds of the vessels.

It was observed that when an artery was cut or

divided, the part nearest to the heart projected a

be relieved ; the operation is repeated and ends fatally. No. 36,

p. 710. A particular account of the ahove case. No. 54, p. 1075,

{I669O Further particulars of the case. See alsoSenac's Treatise on

the Heart, Intr. p. 92.—From this time the operation appears to

have been entirely laid aside, until it was again introduced by Dr.

Blundell, who has given us a minute detail of his experiments, and

of the method of performing the operation. He has established

the important point, that the blood of an animal of the same spe-

cies may be safely and easily transfused, but that if the blood of a

diflferent kind of animal be employed, great disorder of the func-

tions is occasioned, and death generally ensues ; Med. Chir. Trans,

v. ix. p. 56. The experiment was tried upon the human subject,

and, so far as the operation was concerned, with success ; Ibid,

v. X. p. 296'.—The curious fact that the transfusion of the blood of

an animal of a diflferent species proves fatal, has been since observed

by MM. Prevost and Dumas ; they once mention Dr. Blundell's

name, but no one would suspect, from the perusal of their memoir,

that he had anticipated them in the most important of their con-

clusions ; Bibl. Univ. t. xvii. p. 215. The results of the experi-

ments of Dr. Blundell, and of MM. Prevost and Dumas, would

appear to be scarcely consistent with the following statement

by M. Magendie ; Physiol, t. ii. p. 342. " J'ai eu occasion d'en

(experiences) faire un certain nombre, et je n'ai jamais vu que I'in-

troduction du sang d'un animal dans les veines d'un autre eut des

inconveniences graves, m^me quand on augraente beaucoup, par ce

moyen, la quantite de sang."—Numerous references to cases or

treatises on transfusion may be found in Plouquet, " Chirura^a

Infusoria et Transfusoria ;" we may remark, however, that here, as

well as in other parts of this learned performance, the value of the

work is diminished in consequence of subjects being incorporated,

which have rather a technical or verbal, than a real connexion.
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stream of blood, and that comparatively little fluid

was poured out from the other end, while the reverse

was observed to take place with respect to the veins

when they were wounded ; here the flow of blood

was from the part more remote from the heart.

Although this statement is in the main true, and

is naturally explained by the course which the blood

is known to follow, yet it must be considered rather

as affording an illustration of the subject, than as any

very direct proof.

A much more decisive argument is offered by the

effect of ligatures placed upon the vessels ; here it

was observed that if the artery be tied, so that the

stream of blood along it be interrupted, the part

between the heart and the ligature becomes turgid,

while the part beyond the ligature is comparatively

emptied of blood. A ligature upon a vein has exactly

the contrary effect ; here the part between the com-

mencement of the vessel and the ligature is rendered

turgid, while the part between the ligature and the

heart becomes flaccid.

Two other arguments in proof of the circulation

have been adduced, even by writers of the first emi-

nence, the power which we have of filling all the

vessels of the body by injecting a fluid into one of

them, and the fact well known to physiologists, that

when certain medicinal substances are introduced into

the veins, they are carried into the general circula-

tion, and are found to exercise their specific action

upon certain glands or other organs of the body, in

the same manner as if they had been received into
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the stomach by the mouth. ^ These two circumstances

however, can afFord only a general proof of the motion

of the blood through the vessels, and of their mere

communication with each other, without showing the

nature of the blood's motion, or the manner in which

this communication is effected.

All the circumstances which have been enume-

rated, the inspection of the heart of a cold-blooded

animal, the application of a microscope to a transpa-

Tent membrane, the mechanism of the valves, the

operation of transfusion, the effect of wounds of

the vessels and the action of ligatures, when taken

in connexion with each other, may be considered as

proving very decisively that the course of the blood

is from the heart along the arteries, and through the

veins back to the heart ; but it still remains to prove

in what manner the systemic and the pulmonic circu-

lations are related to each other. This is very

satisfactorily demonstrated by the mechanism of the

heart, and especially that of its valves. We find that

there is no direct passage between the right and left

sides of the heart, that when the blood is in either of

the auricles, it must be transmitted into the corres-

ponding ventricle, that the tricuspid and mitral valves

will not permit it to return into the auricles, and,

therefore, that the pulmonic ventricle, when it con-

tracts, must necessarily force the blood into the pul-

monary artery, while the aortic ventricle can propel

it only into the aorta.

' Soemmering, Hum, Corp. Fab. t. v. § 40.
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In speaking of the proofs of the circulation I have

hitherto taken no notice of a train of phenomena

which daily offer themselves to our notice, and which

are generally regarded as affording very direct and

decisive proofs of the course of the blood. I allude

to the appearances which are frequently found in the

dissection of subjects who have died of diseases of

the sanguiferous system. These, however, are rather

to be considered as illustrations of the true theory, or

as confirmations of it, than as actual proofs, and

although they may occasionally assist us in investi-

gating the nature of the uses which the blood serves

in the animal oeconomy, yet, as they belong more to

pathology than to physiology, it would be scarcely

consistent with the object of this work to enter into

any minute detail of them.

I shall merely state in general terms, that when an

obstruction occurs to the passage of the blood along

any part of its course, a turgescence is produced

behind the obstruction, just in the same manner as

from the application of a ligature. We occasionally

observe individuals in whom we have reason to sup-

pose that the blood does not experience its specific

change by the action of the air in the lungs, and, on

examining their bodies after death, we find that from

some malconformation of the heart or its appendages,

the blood had been transmitted immediately from the

right to the left side of this organ, without passing

through the pulmonary vessels. It not unfrequently

happens that a great arterial or venous trunk becomes

obliterated by Some accident, or may have been defi-

VOL. I. 2 A
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cient in the original formation of the body, and we
then find that the branches are increased to an unusual

size to supply the deficiency, and that they are given

off in such situations as to correspond with the theory

which has been laid down. These examples may
serve as specimens of the nature of the illustrations

of the true theory of the circulation, which are afforded

by morbid anatomy and pathology.

We may now be considered as having established

the general fact of the circulation and the path which

the blood pursues, but there are several circumstances

connected with this function which require to be more

minutely examined, either as having formerly been

the subject of controversy, as points about which a

difference of opinion still exists, or as tending to

illustrate some of the operations of the animal oeco-

nomy, and to explain the uses of its dififerent parts.

In the first place I shall mention the circumstances of

a more mechanical nature, connected with the struc-

ture and organization of the heart and its appendages,

directly affecting its motion or its action upon the

blood, considered merely as an hydraulic machine. I

shall afterwards notice some points that are more im-

mediately connected with its action as a vital organ,

particularly those that depend upon its contractility.

Lastly I shall give an account of various circumstances

connected with the arteries and the veins, which I have

hitherto not noticed, or adverted to only in an indi-

rect or cursory manner. In pursuance of this plan

it will be my object to intrude as little as possible upon

the province of the anatomist, and to make use of
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the facts deduced from his science only so far as they

immediately lead to any important physiological

conclusions.

§ 4. Mechanism of the Hearth

We have seen that the substance of the heart is

composed of the parietes of two cavities, called ven-

tricles, to which two others are attached, called auri-

cles, making in all four cavities, through which the

blood is progressively carried from one to the other in

succession. In describing the heart it has been a

point warmly contested by anatomists what is the

relative size of these cavities ; whether they have all

exactly the same capacity, or whether they differ from

each other in this respect. As to the auricles, per-

haps the point can scarcely be determined with per-

fect accuracy, as it is not easy to assign the precise

limits where the large veins may be said to terminate

and the auricles to commence. It is, however, gene-

rally admitted that the right auricle is considerably

more capacious than the left, and Haller assigns their

proportions as about seven to five.'* The limits of the

ventricles are better defined, both in consequence of

their more compact form, and of the valves which are

attached to both their orifices ; yet it is remarkable

3 For the most ample account of every thing that respects the

mechanism and structure of the heart, the reader may be referred

to the learned work of Senac, liv. 1 and Z, a writer no less to be

admired for the extent of his information, than for the candour

with which he comments upon the opinions of others.

-» El. Phys. iv. 2. 17-

2 A 2
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that very difFerent opinions have been entertained

respecting their size, a point which one should have

supposed might have been easily subjected to a direct

and precise experiment. Most ofthe older anatomists

have described the right ventricle as considerably

larger than the left, and even Haller admits that this

difference of size exists,^ but there seems to be good

reason for doubting the correctness of the opinion.

Sabatier examined this point very accurately, and

his conclusions have been since generally acquiesced

in. He admits that when we examine the heart after

death, the right, or pulmonic cavities, are frequently

found much more capacious than the aortic, but he

conceives that this difference did not exist during life,

and that it is occasioned by the manner in which the

circulation terminates in the last moments of exist-

ence. From causes which will be more particularly

described hereafter, in the act of death the blood

necessarily becomes accumulated in the pulmonic

cavities of the heart, while it is, from the same cause,

almost entirely expelled from the aortic cavities

;

hence the latter become contracted, while the former

are proportionably dilated, and the comparative weak-

ness of the muscles of the pulmonic ventricle still

further contributes to produce this eflPect, and permits

the dilatation to take place. It appears, therefore,

that we are to regard tlie two ventricles of tlie heart,

J El. Phys. iv, 3. 3 ; Lower, p. 36. endeavoured to prove that

the capacity of the ventricles is equal, but his opinion was not

generally adopted.
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during the life of the animal, as possessing nearly

equal capacities.^

But whatever may be the fact respecting the size of

the two ventricles, they differ very obviously from

each other in their form and in the strength of the

masses of muscular fibres which compose their sides.

The left ventricle, or that which communicates directly

with the systemic circulation, is much stronger than

the other : it lies more nearly in the centre of the

heart, and gives the general form to the organ, while

the right, or pulmonary ventricle, lies, as it were,

upon the systemic, like an appendage attached to the

heart, and has much thinner and weaker parietes.

Accordingly, when we divide the heart by a transverse

incision across the two ventricles, we find that the

section of the left ventricle is nearly a circle, while

that of the right exhibits a semilunar figure. This

difference in the strength of the ventricles is neces-

sarily connected with the oflSces which they respec-

tively perform, or with the degree of force which they

exercise in the parts of the circulation to which they

are immediately destined. The right or pulmonic

ventricle has merely to propel the blood through the

lungs, while the left has to transmit it to every other

part of the body. The resistance which the blood

has to overcome in its passage through the vessels

depends upon a combination of several circumstances,

which will be considered hereafter, but there can be no

doubt of the general fact respecting the difference of

<5 Sabatier, Anat. t. ii. p. 241;, and t. iii. p. 373; Mem. Acad'

pour 1774.
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resistance opposed to the blood at its entrance into

the two circulations, and, by ascertaining the relative

quantity of fibres which belong to each of the cavities,

we might form an estimate of the amount of the

force respectively exercised by ihem. The same

difference of strength exists in the auricles as in the

ventricles, the right being considerably weaker than

the left ; Haller conceives that the former possesses

only one-third the strength of the latter.^

Another subject, which has given rise to much

discussion, is the exact order of succession in which

the different parts of the heart contract. It is obvious

that each auricle must contract before its corresponding

ventricle, but it has been questioned whether any of

these events are synchronous, or whether they do not

each of them occur in succession. It is now, however,

very generally admitted, that the parts of the same

description contract precisely at the same point of time,

as the two auricles and the two ventricles ; that the con-

traction of the auricles exactlv alternates with that of

the ventricles, and that the contraction of the arteries

is synchronous with that of the auricles. This opinion

was warmly contested, about the middle of the last

century, by Lancisi and NichoUs, who had each of

them some peculiar notions on this subject, which,

however, it is not necessary to particularize, as they are

now entirely discarded.

Every part of the blood passes through all the four

cavities of the heart in the course of a complete cir-

7 El. Phys. iv. 3. 2.
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culatioii ; it therefore necessarily follows, that if all

the cavities contract an equal number of times during

the same interval, they must project the same quan-

tity of blood, and consequently, if they differ in size,

that a portion of the contents of the larger of them

will not be expelled. With respect to the ventricles,

it appears that their size is nearly equal, and that, at

each contraction, they are nearly emptied ; but it is

probable that this is not the case with the auricles, and

if the right be so much larger than the left, as has

been stated above, it is obviously impossible that this

can be the case. Indeed, from the form of the auri-

cles it would appear that the contraction of their

fibres cannot entirely obliterate their cavities. It is

also probable that when the auricles contract, a part

of their contents will be forced back into the mouths

of the great veins, as there is no valve situated be-

tween the vein and the auricle by which the reflux of

the blood can be prevented.^

Calculations have been formed of the length of

time which the heart occupies in performing its motion,

and of the quantity of blood which is expelled by

each contraction. This quantity of course varies in

different individuals, and in the same individual at

different times, and there are practical difficulties

which prevent us from arriving at complete certainty

on these points. Professor Blumenbach's estimate

may be taken as a fair average ; according to this the

8 Haller, El. Phys. iv. 4. 10. For some interesting observa-

tions on the mechanism of the heart, see Home's Lect. on Comp.
Anat. p. 47.
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heart is supposed to expel two ounces of blood at each

contraction ; the whole mass of blood is reckoned at

33lbs.^ and the number of pulsations are taken at

seventy-five in a minute. Proceeding upon these

data we shall find that the blood will complete its

circulation, or that the whole of it will have passed

through the heart in about two minutes and a half,

and that a mass of fluid equal to the blood would be

carried through the heart twenty-four times in an

hour. It must, however, be observed that the different

portions of blood complete the circulation in very

different periods of time, partly depending upon the

length of the course which they have to follow, and

partly upon the degree of resistance which they meet

with. When the blood is sent into the aorta it soon

begins to pass into the different arterial branches that

are connected with the great trunk ; a part circulates

only through the muscles of the heart, another portion

takes a longer circuit through the chest, and others

through such as are more extended, until a part of

the blood is carried to those organs that are most

remote from the heart.

It has been stated that the auricles and ventricles

are filled and emptied alternately, so that there is no

period in which the whole of the heart is either full

or empty, but, as the substance of the ventricles is

much more considerable than that of the auricles,

9 Dr. Good has collected the various estimates which have been

formed of the amount of the whole mass of blood ; he concludes

the most probable quantity to be between thirty and forty pounds;

Study of Med. v. ii. p. 11.
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and as the former belong more particularly to the

heart itself, the terms systole and diastole of the

heart are applied to the contraction and dilatation of

the ventricles respectively, and are of course reversed

with respect to the auricles. I have before observed

that the pulsation of the heart, which we feel when

the hand is placed upon the ribs, depends not upon

any increase of bulk which the ventricles experience

by the injection of the blood into them, but upon the

effort which they make to expel their contents, or

rather by the injection of the blood into the arteries
;

the beat of the heart therefore occurs during the

systole of the ventricles, and is contemporary with

the diastole of the auricles.

In describing the structure of the heart it has been

already stated that, in the adult and perfect state of

this organ, there is no direct communication between

its right and left sides, i. e. between the two auricles

and the two ventricles. As a general principle, no

point in anatomy is better established than this fact,

and it is one which admits of an easy and satisfac-

tory proof. With respect to the auricles, however,

this position must be taken with some limitation, as

it appears that the passage between them, which

exists in the foetus, called the foramen ovale, which

I shall have occasion to describe more fully hereafter,

is sometimes not entirely closed even long after the

period of infancy.^ With respect to the ventricles

' Sabatier says, it always remains open ; see also Blumenbach's

Comparative Anatomy, by Lawrence, § 159, note (C).
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however, the fact may be stated without exception

;

and yet such was the force of prejudice, and the

bigoted attachment to hypothesis, that men of learn-

ing were not wanting who affirmed the existence of

certain passages or pores between the ventricles, which

they asserted that they were able to detect, and even

professed to demonstrate to others.^ In this, as well

as in many similar cases, it is not easy to decide

whether such persons were the dupes of their own

creduhty or wished to impose upon others, but it

must tend to impress upon our minds the important

truth, that even the most direct testimony is always

to be received with distrust, when the facts related

are themselves incredible.

There is a still more remarkable example of the

bigottedattachment to certain opinions, and, especially,

when they were sanctioned by the authority of the

ancients, connected with this part of the subject,

which it may not be uninstructive to relate. Vesa-

lius, the great restorer of anatomy after the dark

ages, perceived that the description of the vessels of

the heart which was left by Galen, did not corre-

spond to what he found in the human subject, but

resembled this part in apes and monkeys ; from this

» Haller, El. Phys. iv. 3. 13. Soemmering, Corp. Hum. Fab.

t. V. § 27. Sabatier, Anat. t. ii. p. 235. The existence of such

passages was first announced by Vieussens and Thebesius ; they

were received by Ruysch, Lancisi, and others of the first emi-

nence ;
they were afterwards called in question by Duvemey, and

finally disproved by Senac and Sabatier. See Sabatier, Anatomie,

t. iii. p. 410.
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circumstance he very naturally concluded that Galen

used these animals in his dissections. A learned

French anatomist and professor, Du Bois, better

known under his latinized name of Sylvius, who was

a warm advocate for the ancients, and a violent

antagonist of Vesalius, in liis zeal to repel the accu-

sation, seriously maintained the position, that the

human form had undergone a change in its structure

since the age of Galen, and that formerly the vessels

were distributed as he described them.^

The heart, as I remarked above, is enclosed in a

membranous bag or pouch, called, from its situation,

the pericardium ; it is lined with a serous membrane,

which, like other parts of the same structure, has a

serous fluid perpetually discharged from its surface.

This fluid, the liquor pericardii, is sometimes found

to exist in considerable quantity, to the amount of

several ounces ; so large a quantity, however, is evi-

dently the effect of disease, but it is a question, about

which there have been very warm and even very acri-

monious disputes, whether any perceptible quantity

of the liquor pericardii exists during life and in the

state of health.^ Perhaps the question can scarcely

yet be considered as completely decided ; if we argue

from the analogy of what occurs in other close cavities

that are furnished with a serous membrane, we should

3 Haller, El. Phys. iv. 2. 7- Du Bois extends this argument to

the intermaxillary bone; Lawrence's Lectures, p. 174.

4 Haller, El. Phys. iv. 1. I9, 20. Soemmering, Corp. Hum.
Fab. t. V. § 6 Sabatier, Anat. t. ii. p. 217- Bell's Anat. v. ii.

p. 52, et seq.
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conclude that, in the natural state of the parts there

is no fluid present, but that as fast as it is discharged

by one set of vessels it is taken up by another.

When, however, these actions do not correspond,

when either the discharge is too rapid or the removal

too slow, an accumulation must take place.

A circumstance respecting the mechanical structure

of the heart, which may be worth noticing, is the

difference of its size in different individuals ; this

difference is indeed much more considerable than

might have been suspected, for we are informed by

anatomists, that the heart ds, in some individuals,

double the size it is in others, and this has not been

observed to bear any proportion to the general bulk of

the body. The heart of the foetus always bears a greater

proportion to the whole body than that of the adult

;

as the growth advances this disproportion is dimi-

nished, but it is not entirely removed until the body

attains its full size. It has also been observed, that

the proportion between the parts of the heart is dif-

ferent in the foetus from what it is in the adult ; the

auricles are larger than the ventricles, and the aortic

side of the heart generally is larger tlian the pul-

monic ; but these points will be considered more par-

ticularly in the account of the foetal circulation.

The heart is essentially a muscular organ, and

when it contracts it acts, like other muscular organs,

by shortening its fibres, and in this way it diminishes

the capacity of its cavities. The general fact is

demonstrable to the eye, wlien we lay open the thorax

of a cold-blooded animal, and may be directly infer-
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red both from the structure of the valves and from

the actual effects which are produced. There has,

however, been much controversy upon this subject,

although one that is apparently so clear and perspi-

cuous ; the great point in dispute is, whether the

ventricles are diminished in both their dimensions,

whether, by the act of contraction, their sides are

not brought nearer together without their being dimi-

nished in length, or even whether the heart is not

actually lengthened during its systole. This opinion,

which at one time had very powerful advocates, seems

to have arisen partly from some hypothetical notions

about the pulsation of the heart, or the manner in

which it is enabled to strike the ribs during its systole;

but by ocular examination, by direct experiments

made upon the heart, and by considering the manner

in which the valves perform their office, it is now

generally admitted that the cavities of the ventricles

are diminished in every direction.^

With respect to the striking of the heart against

the ribs, this, like almost every other circumstance

connected with its mechanism, has given rise to con-

siderable discussion, although the cause which has

been already assigned for it,® the sudden injection of

blood into the aorta, and its consequent effort to

straighten its curvature, will probably be considered

as sufficient to explain the phenomena. Other

causes, however, have been pointed out, either as

5 Sabatier, Anat. t. ii. p. 229 ; Bichat, Anat. Descrip. t. iv.

p. 113.

^ See p. 346.
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more satisfactory, or at least as conspiring with this

to produce the effect; among others, Habatier has

endeavoured to prove that, when the ventricles con-

tract, a portion of the blood that was contained in

them is necessarily forced behind the valves into the

auricles, and in this way contributes to push the heart

forwards against the fore-part of the thorax.^

While the future animal is still retained in the

uterus of its mother, it is obviously placed under very

different circumstances, with respect to all surround-

ing agents, from what is is after that period. It is

entirely secluded from the air, which is afterwards so

essential to its existence, it is incapable of receiving

any nourishment through the usual course of the

digestive organs, it is constantly immersed in a high

temperature, and has no opportunity of employing

either the muscles of loco-motion, or any of those

that are connected with the exercise of the external

senses. In short, it may then be regarded as forming

a part of the mother ; from her it derives its nourish-

ment, its heat, and all those powers necessary for the

support of that kind of life which it possesses. Still,

however, to a certain extent, its organs are developed,

and acquire the form and properties which they are

afterwards to possess, although with certain modifica-

tions and adaptations to present circumstances, so as

to afford a most remarkable example of what has

been called prospective contrivance,^ or that adjust-

ment of means to ends, which respects not merely

7 Anatomic, t. ii. p. 230.

8 Paley's Natural Theology, ch. 14. p. 252 et seq.
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the present condition of the being, but that which it

is afterwards to assume. This species of adjustment

is more peculiarly remarkable with respect to the cir-

culation of the blood, for we have it directed in a

different course from that which it afterwards pursues,

we have even vessels employed which are obliterated

after birth, while the whole is so connected with the

mother, that her system supplies what is deficient in

that of the embryo, and completely ministers to all

its wants. Both as constituting in itself a very in-

teresting part of physiology, and as tending to illus-

trate the functions of the adult, we may consider the

foetal circulation as a subject well deserving of our

attention.^

The most important point in which the state of

the foetus differs from the same animal after birth is

its seclusion from the atmospheric air, from which it

follows, in the first place, that the lungs are incapable

of exercising their appropriate functions, or ofinducing

the specific change in the state of the blood, and

secondly, that this change of the blood, as far as it is

required for foetal existence, must be effected by the

mother. In order to accomplish this purpose, a large

part of the blood, which in the animal after birth is

carried through the lungs, forming the lesser or pul-

monic circulation, is in the foetus diverted from this

channel, and passes directly into the left, or aortic

fiide of the heart. This diversion in the course of

the blood is a necessary consequence of the state of

9 Senac, liv. 3. ch. 9, 10, 11.
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the feetus, both with respect to its posture and the re-

lative developement of its organs, and is hkewise an

expedient adapted to the circumstances in which it is

situated. In order to supply the place of the lungs,

or to execute the office which they are incapable of

performing, the blood is carried into the placenta,

where it is so acted upon by the blood of the mother, as

to experience a change analogous to that which, after

birth, it undergoes in the lungs. It is carried to this

organ, and brought back from it by a set of vessels

which exist only before birth, and which are neces-

sarily destroyed by the act of leaving the uterus, at

the very instant when they become no longer of any

use.

But in appending the supplementary or extraneous

set of vessels to the ordinary circulating system, it

happens that the blood, after it has experienced its

specific change, is returned to the foetus in the course

of the venous part of the circulation. It is, how-

ever, obviously unnecessary for it to complete its

course in this direction, and probably by so doing it

would lose some part of that specific quality which it

w^as the office of the placenta to impart to it. On

this account a passage exists between the two auricles,

called the foramen ovale, through which a part of the

blood that is brought into the pulmonic auricle is

directly conveyed into the systemic auricle, without

passing into the pulmonic ventricle, as well as two

additional vessels or ducts, which belong exclusively

to the foetal circulation. By one of these a part of

the blood is immediately brought back to the heart,
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soon after its return from the placenta, without pass-

ing through any part ofthe venous circulation, which it

would otherwise have to perform in order to arrive at

that organ
;
hy the other, a part of the blood which

has arrived at the right or pulmonic ventricle, and is

propelled into the mouth of the pulmonic artery, is

carried directly into the aorta, thus escaping the

whole of the pulmonic circulation, as well as the pas-

sage through the left or aortic cavities of the heart.

The first of these temporary or supplementary

vessels as they may be styled, is named the ductus

venosus ; the second, the ductus arteriosus ; names,

which it may be remarked, are rather anatomical than

physiological, being derived from the parts to which

they are connected, not from the offices which they

perform. In fact they are both to be regarded as

I arterial vessels, for their purpose is to convey, by a

short track, the blood, after it has been changed in

' the placenta, to the main trunk of the aortic system.

In short, the mechanism of the foetal heart all tends

to one object, to reduce what in the adult is a double

organ, or at least an organ consisting of two sets of

I

parts, which, although placed in contact, serve two

\ different purposes, to a single organ, or to an organ,

the parts of which may conspire to one object only.

[ The foetus is in the state of those animals that are

without lungs, and therefore before birth only so

much blood is sent to them as may be sufficient for

their growth, and may prepare them for being em-
ployed after the animal acquires the capacity of

breathing when it leaves the uterus,

i VOL. I. 2 b
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In the course of this work many opportunities

will occur of illustrating the nature of the functions

by the difference between the adult and the fcKtal

organs ; at present I shall only further remark, that

although we are fully acquainted with the nature of

the difference in the mechanical structure of the

parts, and the change which they experience at birth,

we are, perhaps, scarcely able, in every period, to trace

out the actual or immediate cause by which the

change is effected. We, however, understand it suffi-

ciently to perceive that it is accomplished by a system

of contrivances at once simple and effectual. The

first act of inspiration, which is immediately con-

nected with the introduction of the infant into its

new state of existence, necessarily causes the blood

to pass through the pulmonic vessels in greater quan-

tity than before birth, and we may infer that this

new direction which the blood then assumes produces

all the changes in the vessels, expanding those parts

which were before small and only imperfectly pervi-

ous, while it diverts the blood from those that are no

longer useful, and which, therefore, by their own

elasticity, shrink up and finally become obliterated.

All the peculiarities of the foetal circulation evi-

dently tend to one object, to bring the blood, after it

has been changed in the placenta, more directly into

the systemic artery, but it is not so evident what

is the use of each particular part of the additional

apparatus. It may be asked, why might not the whole

change have been effected by means of the foramen

ovale or the ductus arteriosus alone, as the object of
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both of them appears to be precisely the same ? Part

of the difficulty which has attached to this subject is

certainly owing to the incorrect notions which, until

lately, were entertained respecting the use of the

lungs, and the function of respiration. Although the

older writers had some imperfect idea of the con-'

nexion between the passage of the blood through the

lungs and a chemical change in the composition of

the air, yet the chief object of respiration was con-

ceived to be mechanical, and of course there could be

no correct conception of the use of the placenta as a

substitute for the lungs. Whatever purposes the

pulmonic circulation may be supposed to serve, it is

obvious that it is unnecessary for the foetal state, but

that it becomes necessary the very moment that the

animal, by leaving the uterus, acquires an indepen-

dent existence, and must therefore perform by its own

organs those functions which were before exercised by

the organs of the mother. Yet we may readily con-

ceive the difficulty there would be in effecting this

change, without, at the same time, producing a great

derangement in the mechanical structure of the parts

concerned, and that it would be desirable to employ

every method for rendering this transformation as easy

as possible. Perhaps, then, it may be regarded as a

sufficient reason for the present construction of the

body, that this change would be more readily effected

by having the current of blood divided into two

streams, instead of the whole of it going thi'ough one

channel, so that the use of the ductus arteriosus, in

addition to the foramen ovale, is simply to facilitate

2 B 2
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the transmutation from the foetal to the respiratory

state, by increasing the number of parts concerned,

and therefore rendering a less mechanical change

necessary in any one direction.

Although I think it quite useless to advert to many

of the speculations and discussions that have taken

place on the subject of the foetal circulation, there is

one hypothesis that may be mentioned, principally on

account of the individual by whom it was advanced.

Sabatier, whose name has been so frequently referred

to, as one of the most accurate and judicious of the

anatomists, who have particularly directed their atten-

tion to the investigation of the structure and mecha-

nism of the heart, has taken much pains to prove that

the object of the foramen ovale is not simply to per-

mit a part of the blood to pass directly from the

pulmonic to the aortic auricle, but to keep the two

currents of blood that proceed from the two great

.

branches of the vena cava separate from each other,

to send that part of it which comes from the vena

cava superior into the pulmonic ventricle, while the

blood from thevena cava inferior is transmitted through

the foramen ovale into the aortic ventricle.^ But in

spite of the authority by which the hypothesis is sup-

ported, I must acknowledge that I think it very fan-

ciful and altogether inadmissible.

It has been stated by those who have minutely

attended to the gradual developement of the parts in

the foetal state, that in the first stages of existence

I Anat. t. ii. p. 224, and t. iii. p. 387 ; Mem. Acad, pour 1774,

p. 198.
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I

the two sides of the heart are nearly of the same

strength and form, but by degrees the aortic ven-

tricle, in consequence of the greater force which it

has to exert, acquires its superior strength and thick-

ness. This is analogous to other well-known facts in

the animal oeconomy, where a muscular part acquires

: additional strength by action, a provision which is

attended with the most beneficial results, and is one

of the most beautiful examples of the adaptation of

r means to ends with which we are acquainted : the

!
efficient cause of this change will be considered

I

hereafter.

The great importance of the circulation, considered

, as the regulator of the whole animal machine, and

the connexion which it has with all the other func-

tions, renders it desirable for us to view it in all its

1 relations, and to examine it under every different

I circumstance in which it presents itself to our inspec-

tion. It may, on this account, be useful to make

some observations upon the comparative anatomy of

the organs of circulation, at least in those animals

whose general structure is so similar or analogous to

( the human, as to enable ^us to establish a comparison

between them. Of the two great divisions into

which the whole animal kingdom has been arranged

by Cuvier, the animals with and without vertebrae, I

shall refer only to the former, as the structure and

oeconomy of the latter differ so materially from man,

as not to throw any light upon the subject now under

consideration. We have seen that an essential part
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of the circulation in the human frame is the circum-

stance of its being double, or of the blood being car-

ried twice through the heart in each complete circuit,

once for the purpose of its being acted upon by the

air which is received into the lungs, the other, in

order to transmit it, when thus acted upon, to all

parts of the body.

The animals possessed of vertebrae have been di-

vided into the four classes of mammalia, birds, rep-

tiles or amphibia, and fish. The circulatory organs

of all the animals that belong to the two first classes

are essentially the same with those in man ; they

consist of a heart divided into two ventricles, to which

two auricles are appended ; to these the arteries and

veins are so attached, that the blood pursues its com-

plete course along the two circulations, as in the

human subject, the differences depending only upon

some variations in the shape or position of the parts,

the order and disposition of the vessels, or the struc-

ture of the valves.

The third class, the reptiles or amphibia, although

they differ from the other vertebrated animals suffi-

ciently to be placed in a separate division, differ also

considerably among themselves, so as to be defined

almost as much by negative, as by positive characters.

The organs of the circulation are less uniform in this

than in the other classes, and it is, perhaps, not a

little remarkable, considering the great attention

which has been bestowed upon comparative anatomy,

and the facility with which animals of this descrip-
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tion may be procured, that anatomists do not altoge-

ther coincide in the account which they give of the

circulatory organs of the same animal. Without

descending, however, to minute particulars, which

would be foreign to my object, it will be sufficient to

state as a general fact, that the heart of the amphibia

consists either of only one ventricle, or of two ven-

tricles which freely communicate with each other, so

as, physiologically considered, to be equivalent to one.

The number of auricles depends upon the construc-

tion of the ventricular part of the heart ; where there

is a single ventricle there is but one auricle, and

where there is a double ventricle there are two auricles.

In all these animals, however, there is only a single

large artery proceeding from the heart, which serves

both for the pulmonic and the systemic circulation,

and the essential peculiarity of the circulatory organs

of these animals consists in the pulmonic circulation

being merely an appendage to the systemic circulation.

After the great artery, which may be regarded as

analogous to the aorta of the mammalia and birds,

has left the heart, it divides into two main branches,

by one of which a part of the blood is carried to the

lungs, while the other part goes through the arteries

that are distributed over all the parts of the body.

These two portions of blood are united in the heart,

and, after being mixed together, are again expelled

through the great artery. It appears, therefore, that

whatever be the office of the lungs, a part only of the

blood is transmitted through them during each cir-

cuit, and that although there are two sets of vessels.
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yet that each portion of the blood passes through one

circulation only each time that it leaves the heart.'^

The circulation of the blood is effected in fishes,

the fourth great class of the vertebrated animals, in a

different and more simple manner. Here the heart

consists of only one auricle and one ventricle ; all the

blood, as it returns from the veins, is brought back

into the auricle, is poured from this into the ventricle,

and from the ventricle into the great artery, which

carries it to the branchiae or gills, the organ which in

fish corresponds to the lungs of breathing animals.

The single heart in fish may therefore be considered

as corresponding to the pulmonic heart of the mam-

malia and birds. After the blood has traversed the

gills, and undergone the specific change from the

action of the air that is suspended or dissolved in the

water in which the animals are immersed, it is again

collected into a main arterial trunk ; from this it is

sent to all parts of the body, and is again brought

back into the auricle by the veins. Here every part

of the blood is exposed to the ac|;ion of the air through

each circuit, but in consequence of the smaller pro-

portion of blood in fishes, and the more scanty supply

of air, the mutual action of the air and the blood, or

the degree of effect produced by this action, is much

inferior to what it is in animals furnished with

lungs.^

While I am upon this part of the subject it may

be necessary to make an observation upon the terms

» Blumbenbach's Comp. Anat. by Lawrence, p. 241, with note

(E) containing the references to Cuvier.

s Monro on Fishes, p. 14, et seq.
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single and double circulation, which I have frequently

had occasion to employ, and which have not always

been used by authors in the same sense. According

to what I conceive to be the most correct acceptation

of the phrase double circulation, it should be applied

to that construction of the heart and its appendages,

where there are two cavities which do not communi-

cate with each other, except through the medium of

one of the circuits, as in the two first classes of ani-

mals. By a single circulation, on the contrary, we

should understand that which consists of a heart with

only two cavities, where the blood, when it has once

left this organ, does not return to it until it has com-

pleted its passage through all the vessels, as is the

case in fishes. The amphibia will hold a middle

place between the two, part of the blood being car-

ried through only one circuit, while another part of

it goes through both the lungs and the body generally.

This concise sketch of the comparative anatomy of

the circulatory organs proves to us both the import-

ance of the function, and its intimate connexion with

respiration, so much so as to justify the assertion, that

a primary object of the circulation is to propel the

blood through the lungs or some equivalent organ,

where it may receive the influence of the air, and
have a certain specific change wrought upon it, which

is a necessary requisite to the performance of its other

offices. It will also appear from these remarks, that

the use of the heart is entirely mechanical, that it is

an apparatus by which the blood is propelled along

a series of vessels, by means of the alternate contrac-

tion and dilatation of a muscular receptacle. The
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mechanism of the heart is all directed to this object,

that is, to the propulsion of the fluid with the due

degree of force and in the proper direction, and upon

this principle we may explain the action of all its

separate cavities, valves, and other appendages, and

show how any variation which occurs with respect to

them in the different classes of animals are adapted

to the general structure and functions of the indi-

vidual. Where the quantity of blood is large in

proportion to the size of the body, and where it is

necessary that it should receive the full influence of

the air, there are two complete circulations, and of

course two muscular bags to send it along the two

sets of vessels, the relative strength of which is pro-

portionate to the resistance which they have to over-

come. Where the quantity of blood is smaller, and

where a less degree of change is induced upon it by

the air, we have, according to circumstances, either

only a single circulation, or one of an intermediate

kind, and we find that the mechanism of the heart

and its absolute power are always exactly adapted to

the circumstances of each particular case. We have

here only one principal muscular cavity, or, if there

be a greater number, they have a free communication

with each other, while we find that the number of

auricles, whether one or more, is in like manner

adapted to the number and disposition of the great

veins, so as the most readily to receive the blood from

them, and convey it into the ventricle in the manner

which best admits of their effectually performing the

alternate actions of contraction and dilatation.
"
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^ 5. Kital Properties and Actions of the Heart.

Having now made ourselves acquainted with the

mechanism of the heart, we must proceed, in the next

place, to consider its vital properties, which in this,

as in every other part of the body, are two, contrac-

tility and sensibility. I have already had occasion to

enter upon the question, how far the heart possesses

proper sensibility, and we have seen that on this

point a great difference of opinion still exists, among

those who might be supposed the best qualified to

judge concerning it, both with respect to the actual

facts, and to the inferences that may be deduced from

them. What I am disposed to regard as the most

probable conclusion, in the present state of our know-

ledge, is, that the heart has but a small share of sen-

sibility ; that when it acts in its ordinary manner, it

produces no sensation ; that it is not under the con-

trol of the will ; that the nerves distributed to it are

less numerous than those which are sent to other

parts containing the same number of muscular fibres,

and that, both from their origin and their texture,

they are more analogous to the nerves which supply

the muscular coats of the viscera, than to those which

are distributed over the proper muscles.

Still, however, the heart is supplied with nerves,

although perhaps scantily, and we are naturally led

to inquire what is their use. To this question we
must seek for a reply rather from a consideration of the

uses of the nervous system generally, than from any
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individual facts which we have it in our power to

adduce on this particular topic. The uses of the

nervous system have been stated above to be two ; to

connect us with the external world, and to unite the

diflPerent parts of the system with each other, so as

to form it into one connected whole. The first of

these objects is effected through the medium of the

organs of the external senses only, and does not apply

to the heart ; we are therefore to look to the second

to explain the point now under consideration. We
may suppose that one important use which the nerves

of the heart serve, as well as those of all the other

internal viscera, is to indicate to us any injury or dis-

ease of the organs, of which, as they are removed

from our view, we might be unconscious, were not

the parts endued with the faculty of feeling pain.

To this explanation, as applied to the heart, an ob-

jection may indeed be urged, that it not unfrequently

becomes the subject of disease, and even in a very

considerable degree, without our experiencing any

direct sensation of pain, so that we become sensible

of the morbid condition of the organ more from some

indirect circumstances connected with the state of the

circulation, or of some of the other functions, than

from any indication of it depending upon the sen-

sation excited in the heart itself. On the other hand,

however, we are aware that there are certain affections

of the heart, as induced either by injuries or disease,

in which it is sensible to pain or uneasiness, and per-

haps all that we are able to say, in the present case, is,
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that the degree of sensation which the heart possesses

is in proportion to the quantity of nerves sent to it,

and is adequate to the wants of the system.

There is another use which may be assigned to the

nerves of the heart, although it may belong more to

the moral than to the physical part of our frame. We
have already had occasion to remark, that although

the heart in its ordinary action is independent of the

nervous system, yet that on certain occasions it is

liable to be influenced through it. This is especially

the case with respect to mental emotions, which fre-

quently produce or are attended by some change in

the state of the circulation, either quickening or

retarding the action of the heart, or affecting the

quantity of blood propelled by each pulsation. Hence,

according to the nature of the emotion, a greater or

less quantity of blood will be sent to the surface of

the body, and in no part will the effect of this change

be more apparent than in the face. The countenance,

therefore, as indicated by the state of the circulation,

becomes the index of the mental emotions, and as it

is not under the control of the will, it frequently

points out what is actually passing in the mind, in a

manner which can neither be falsified nor concealed.

There are many important effects which are produced

upon the various functions, as well contractile as sen-

sitive, by an occasional increase or diminution of the

circulation, as indirectly effected by the nerves of the

heart ; but these will be considered more fully here-

after.

With respect to the other vital function of the
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heart, its contractility, there are not the same diffi-

culties as with respect to its sensibility, since its

most obvious and characteristic property is its con-

stant motion and the readiness with which it obeys

the action of various stimulants. The contractility of

the muscular fibres of the heart is indeed the main

spring of the animal machine, considering it as an

apparatus adapted for the purpose of spontaneous

motion ; for the direct office of the heart, and the

immediate effect of its contraction, is to propel the

blood through the two circulations, in one of which

it undergoes a certain necessary change, while in the

other it is sent, after being changed, to all parts of

the body, giving to each of them their specific powers

and capacities for action. Many causes have been

assigned for the power by which the great machine

is primarily moved. The ancients, who could con-

ceive of no proper mechanical cause for so great an

effect, had recourse to many mysterious agencies and

fanciful hypotheses. They imagined that the heart

contained a species ofinnate fire, or a kind of ethereal

or subtile spirit, which produced its motion, but they

did not condescend to give any minute description of

the manner in which the subtile fluid acted. The

learned Dutch Professor, Sylvius, who is noted as the

founder of the chemical sect in medicine, accounted

for the motion of the heart in a way which was per-

haps more intelligible, although certainly not more

correct. He ascribed it to an effervescence excited

by a mixture of the different kinds of blood, one of

which possessed an acid and the other an alkaline
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nature, and many other equally absurd ideas prevailed

until the publication of Senac's valuable treatise on

the heart.^

This judicious physiologist properly attributed the

power by which the circulation is carried on entirely

to muscular contractiHty, residing principally in the

heart, and showed that by the blood being poured into *

its cavities, and causing a certain degree of distention

of its fibres, the heart is stimulated to contraction,

and by this act expels its contents.* The stimulating

cause being thus removed, the heart relaxes, but, in

the mean time, a portion of blood has been propelled

along the arteries and veins into the auricles, and is

ready to be poured into the ventricles immediately

upon their relaxation. They therefore again beconie

distended, are again excited to contract, and again

propel the fluid along the vessels, and this alternation

proceeds as long as life continues. It is frequently

observed that, even in human contrivances, the most

important effects are produced by the most simple

means, and the observation applies to the present case.

Yet simple and intelligible as is the general doctrine of

the circulation, there are many interesting and diffi-

4 For a sketch of the opinions of his predecessors and for a full

exposition of his own doctrine, see Senac, liv. 4. c. 7, 8, 9.

5 Among the physiologists who attributed the contraction of the

heart to the stimulus of the bloody some ascribed it to certain spe-

cific properties in this fluid, which acted upon the fibres others to

their distension only. Those who adopted -the former opinion

were much puzzled to account for the different effects of the two
kinds of blood in the two ventricles.
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cult points concerning it, which we are not yet able

to answer or comprehend to our entire satisfaction.*

The most important subject connected with the

motion of the heart, and one which has given rise to

much controversy, is the inquiry into the cause of its

regularity and constancy. What, it has been asked,

can enable the heart to proceed for years together,

without fatigue, pulsating at equal intervals, and

propelling the same quantity of blood ? The hypo-

theses that have been advanced to answer this ques-

tion, are, as usual, very numerous. Willis, who may

be regarded as the first physiologist that was fully

sensible of the importance of the nervous system in

the animal oeconomy, advanced an opinion, which,

for some time, was very generally received, that the

^ Some experiments are stated to have been made by Mr. Brodie,

which appear to oppose the doctrine of Senac. He emptied the

heart of its blood and found that it still contracted and relaxed

alternately, hence he concludes that the action depends upon some

influence transmitted to it, in the same manner as with respect to

the diaphragm, and not upon the blood in its cavities. See Cooke

on Nervous Diseases, Introd. p. 6l. Whatever comes from Mr.

Brodie's pen must be received with attention, but until the expe-

riments are given more in detail, it would be premature to specu-

late upon the consequences that may be deduced from them. We
have likewise a similar statement made by Mr. Mayo, Comment,

p. 16, from which he concludes that the alternations of contraction

and relaxation in the heart depend upon something in its structure ;

in Mr. Mayo's experiment the effect was produced after the organ

was separated from the brain and spinal cord. May we refer it to

the elasticity of the heart, causing an alternation of action like the

vibrations of a metallic rod ? Can this elasticity and the action

resulting from it stimulate the muscular fibres ?
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nerves of the heart, as well as of all the organs of the

body which are in constant motion, are derived from

a different part of the brain from the nerves of those

organs which are only called into occasional action.

It must be admitted that there are certain facts which

countenance the idea that the voluntary and invo-

luntary muscles derive their nerves from different

sources, but it is doubtful how far this will apply to

the heart, and even were it proved, although it might

tend to generalize the fact, still it would not solve the

difficulty. Willis's doctrine, however, had many

adherents ; among others, Lancisi, who published an

elaborate treatise upon the heart, adopted it, and

laboured to remove all the objections that had been

urged against it,* and in short it remained, for a long

time, the most approved hypothesis with the mecha-

nical physiologists, and with those who were the

most conversant with the anatomical structure of the

body. Many other opinions were occasionally started,

which it will not be necessary to notice, but there is

one which has had so extensive an influence over the

science of physiology, that it must not be passed over

in silence ; I refer to the doctrine of Stahl, who
ascribed the regularity of the heart's motion to the

anima, or soul, which resides in man, and superin-

tends his actions, and which, knowing the fatal effects

that would ensue from the interruption of so important

a function, is careful always to preserve it in a proper

state of action.^

* De Motu Cordis, &c. Lib. 1. Sect. 3. Cap. S.

7 The last defender of the pure Stahlian doctrine appears to.

VOL. I. 2 c
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The doctrine of a superintending intelligent prin-

ciple, residing in the body, seems to have originated

from Vanhelmont, who ^ave it the name of archeus

;

Stahl refined upon Vanhelmont's notion and applied

it to many parts of the animal ceconomy, under the

appellation of anitna, and it lias borne a distinguish-

ing share in the hypotheses of many learned physio-

logists, down to the present time, under the title of

the vital principle, spirit of animation, and various

other names. An agent of this kind, although not

so distinctly brought into view as by Stahl and some

of his immediate followers, forms a leading feature in

the writings of John Hunter f and many of Darwin's

have been Nicholls ; see his treatise " De Anima Medica." But

even as modified by Whytt and those physiologists who have been

designated by the title of semi-animists, it involves us in the

greatest inconsistencies. Whytt maintains the identity of the

vital and sentient principle, or of life and intellect, and argues

that a considerable part of the actions of the body are effected by

mental operations, of which we are essentially inconscious ; on

Vital and Involuntary Motions, § 11.

8 Although it is an ungracious task to dwell upon the errors of

great men, yet the very circumstance of their celebrity is a reason

why we should be more especially put upon our guard against the

mistakes into which they may have occasionally fallen. This is

perhaps in no one instance more necessary than with respect to

John Hunter. After giving his reasons for dissenting from the

explanations that had been previously given of the alternate action

of the heart, he subjoins his own. " The alternate contraction

and relaxation of the heart constitutes a part of the circulation ;

and the whole takes place in consequence of a necessity, the con-

stitution demanding it, and becoming the stimulus; it is rather

therefore the want of repletion which makes a negative impression

on the constitution, and becomes the stunulus, than the immediate

impression ofsomething applied to the heart." On the Blood, p. 149-
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speculations, when divested of their poetical garb, can

only be referred to the same class. But I have no

hesitation in saying, that nothing can be more con-

trary to the spirit of true philosophy, than to assume

the existence of an intelligent agent, of which we are

entirely unconscious, or to adduce, as the cause of

certain effects in the body, a power of which we have

no knowledge or intimation, except as a commodious

method of solving the present difficulty.

The Stahlian doctrine, in all its ramifications, and

under every form in which it has been exhibited,

seems to have originated, partly from the want of an

accurate discrimination between the physical and the

final causes of the operations of the body, and partly

from an indistinct conception of the difference between

the agency of the first great cause of all things, and

the secondary or physical cause, into which alone it

is the province of natural philosophy to inquire. It

affords no explanation of the physical cause, or the

nature of any phenomenon, to say that the Supreme

Being has thought fit to order it so ; the object of our

researches is to examine, to which of the great laws

that are impressed upon matter, the action in question

can be referred. But we are always unwilling to con-

fess our ignorance, and are never satisfied without

attempting to explain every thing that passes before

us. In the present instance the only answer that we

can give to the proposed question is one that is in itself,

in some measure, an acknowledgment of our imper-

fect acquaintance with the subject. We know that

distention excites a muscle to contract, and that when

2 c 2
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a muscle has contracted relaxation ensues. In the

present case, therefore, we can only say, that in the

formation of our body the degree of contractility

bestowed upon the heart, the quantity of distention

which it receives from the blood, the size and texture

of the arteries which are to transmit the blood, and
the quantity of resistance which it has to overcome,

are all so nicely balanced, that each particular action

is retained in due subjection to the rest, and con-

tributes to form one harmonious whole.

Admitting the justice of this remark, which is

indeed merely the expression of an obvious matter of

fact, it remains for us to inquire, what is the specific

mechanism by which this action is accomplished, or

whether we can observe any thing peculiar in the

structure of the heart, or the disposition of its parts,

which would seem to adapt it to this state of conti-

nued action. It must be confessed that on this point

we have but little assistance from the researches of

anatomy, at least there are no facts with which we

are acquainted that can afford us a satisfactory solu-

tion of the difficulty. I have already adyerted to the

nerves of the heart, which, both with respect to their

quantity, their origin, and perhaps also their mode

of distribution, seem to differ from the nerves of the

voluntary muscles. And with respect to the mus-

cular fibres of the heart, it has been observed, that

both in their form and their mode of connexion

with each other, they likewise differ from the volun-

tary muscles. Instead of an assemblage of long '

and comparatively straight fibres, disposed in the
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form of separate bundles, each of them enclosed in a

sheath of cellular substance, and the whole furnished

with a coating of the same, the muscular fibres of the

heart are disposed in an irregular manner, they are

not divided into distinct parcels, and they have but

little cellular substance attached to them.^ This

peculiar form and composition of the muscular part of

the heart seems, however, to refer rather to its mecha-

nical action than to any peculiarity in its vital powers.

The long and straight lacerti of the muscles of volun-

tary motion are fitted to produce the contraction of

these parts in one direction only, whereas the irregular

interlacing of the fibres of the heart obviously serve

to promote the contraction of this organ in every

direction, so as to diminish its size in all its dimen-

sions. There is no muscular part which is possessed

of the same kind of action with the heart, and which

is possessed of nearly the same degree of power, so

as to require an equal quantity of muscular fibres to

be concentrated in one point ; but it would appear that

a similar structure of the muscular matter exists in

the stomach and the bladder, and that some approach

to it will be found in all those hollow muscles, where

the contractile force is exercised in more than one

direction. This structure, however, throws no light

upon the nature of the vital powers of the heart, nor

does it, in any degree, tend to explain the difficulty

in which this point seems to be involved.

The regularity of the heart's motion, or the per-

fectly uniform manner in which the different steps of

') Soemmering, Hum. Corp. Fab. t. v. § 29.
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the process follow each other, proceeding in the same
order and occupying the same space of time, is a cir^

cumstance still more worthy of our admiration than

its constancy, and was accordingly regarded by the

earlier anatomists and physiologists as something

almost beyond the powers of the human mind to

comprehend or explain. The mathematicians were

not, however, wanting in their attempts to solve the

problem, and Bellini, who in the application of his

general principles was appalled by no difficulties,

endeavoured to account for it by supposing that the

auricles and ventricles of the heart were to be regarded

as antagonist muscles so arranged, that when one set

of them contracted the other necessarily relaxed.

Baglivi, whose premature death must excuse many of

his errors, formed an ingenious, although fanciful

hypothesis, according to which he accounted for the

phenomena in question upon the idea that the alter-

nate contraction and relaxation of the ventricles pro-

ceeded from a corresponding alternation of pressure

on certain parts of the nervous system, by which

their energy, and consequently the contractile power

of the muscles, was alternately repressed and excited.

A mechanical theory something like this was main-

tained by Boerhaave, but it will not be necessary to

examine it in detail, for this, and some other refined

speculations of the same description, were completely

overthrown by Haller. He reduced the regularity of

the motion of the heart to the simple effect of stimuli,

acting successively upon a series of contractile organs,

the mechanism of which is so arranged, that each
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part, when relaxed, receives the stimulus from the

contiguous parts, is then roused to contraction, and

by this act transmits the stimulating body to the next

cavity, which is then in a state of relaxation and pre-

pared for its reception.

§ 6. Action and Properties of the Blood-vessels.

We are now to proceed to the third of the topics

which I pointed out as requiring our attention, the

structure and actions of the arteries and veins. We
have hitherto considered the blood-vessels merely in

the light of tubes appended to the heart, receiving

the fluid that is propelled into them by this organ,

and transmitting it from one set of cavities to the

other. We must now regard them in a further point

of view, not simply as mechanical agents, acting

like the parts of an hydraulic machine, but as vital

agents, endued with the properties of living matter,

and forming parts of an organized system. Although

nothing can appear more reasonable than this doctrine

in the abstract, yet there are few topics in physiology

which have been the subject of more controversy

than the exact nature of the vital powers of the

blood-vessels, and the consequent share which they

have in the circulation of the blood. The mechani-

cal physiologists, as might be expected from their

system, regarded them as mere tubes, subject to no

laws but those of mechanical impulse, and even

some of the latest and most esteemed of the moderns

do not admit them to possess either contractiUty or

sensibility.
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As to the latter quality, it is generally agreed that

the blood-vessels possess no proper sensibility in their

healthy and natural state, being, in this respect,

analogous to many other parts of the body which are

principally composed of membranous matter, and

are not subject to the control of the will. How far

the blood-vessels resemble the other membranous

parts in the capacity of feeling pain, while suffering

from inflammation or any other morbid state, is a

question which appears to have been but little

attended to; analogy would induce us to suppose

that they possessed sensibility under these circum-

stances, and I know of no facts which would lead us

to a contrary conclusion.

But the great controversy respecting the vital

powers of the blood-vessels has been concerning their

contractility, or rather that of the arteries, and this

question has been resolved into another, which is.

intimately and necessarily connected with it, whether

the arteries possess any muscular fibres, or whether

the transverse fibres, which have been usually called

the muscular coat, are justly entitled to that denomi-

nation. That the larger arteries actually possess a

certain assemblage of fibres, placed in a transverse

direction, is admitted by the concurrent testimony of

all anatomists, but there has been a great diflference

of opinion respecting their nature and properties, or

the effect which they produce in the animal oeconomy.

The contractile power of the arteries was very

warmly discussed by the anatomists of the last cen-

tury, and was one of those points on which Haller
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exercised all his talents, both anatomical and phy-

siological. To a certain extent he was the advocate

for the muscularity of the arteries ; he regarded the

transverse fibres as clearly muscular; he, indeed,

admitted that he could not exhibit their contraction

by the application of the appropriate stimuli, but he

adduced a variety of considerations to prove that the

contraction of the arteries was an important agent in

the circulation of the blood.' The contractility of the

arteries was warmly advocated by Whytt^ and Senac^^'

and may be regarded as forming the basis of Cullen's

celebrated hypothesis of the action ofthe vessels. This

hypothesis, which had so much influence over the ge-

neral doctrines of pathology, as to introduce a totally

new theory of some of the most important parts of the

science, although not invented,"* was so far modified

and arranged by Cullen, as to possess a merit far

superior to that of mere originality. The Galenic

doctrine of the humoral pathology had been already

' El. Phys. ii, I. 7 j ii. 1. 13; iv. 4. 32 ; vi. 1. 39 ; Memoires

sur la Nature Sens, et Irrit. des Part, du Corps Animal, mem. 2.

sect. 11; his treatises "De Sanguinis Motu/' De Part. Corp.

Hum. Sent, et Irrit." and " Responsio," in Opera Minora, t. i. On
no topic is the candour and caution of this great man more apparent

than in what relates to the muscularity of the arteries.

=» Whytt's works. On the Circulation of the Fluids in the very

small Vessels of Animals ; and Observations on Sensibility and

Irritability, part ii, sect. 1.

3 Traite du Coeur, liv. 5. ch. 3.

4 The doctrine of the vital action of the vessels was perhaps

first distinctly announced by Stahl, and was very explicitly stated

by Gorter, but so combined with erroneous opinions as to lose

much of its value. See Med. Compend. t. i. tract. 17.
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called in question by Baglivi and others, and the

hypothesis of the solidists had begun to make some

progress in public estimation. But it was rather

from the weakness of the old theory than from the

consistency or force of the new one, that this change of

opinion is to be ascribed, for it must be acknowledged

that the opposers of the humoralists had been much

more successful in controverting their antagonists

than in proving the superiority of their own doctrines.

Cullen was not satisfied with completing the destruc-

tion of the ancient edifice, but aspired to the honour of

erecting a new one in its place, and consequently he did

not think it sufficient merely to state in general terms

that the vital actions of the body, and the changes

which it experiences, depend upon the solids, but he

proceeded to point out the agents by which these

changes are effected, and these he determines to be

the minute ramifications of the arterial system, or, as

they have been named from their size, the capillary

vessels.

The action of the capillary vessels has, since the

time of Cullen, been generally regarded as the great

agent in all the vital actions of the body, either phy-

siological or pathological, by which any permanent

changes are produced in its form or composition.

This point we shall have abundant opportunities of

illustrating in the account of the different functions

as they will successively fall under our review, and

with respect to the circulation in particular, there

seems every reason to conclude, that it is very mate-
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rially influenced by the capillaries, not merely as one

of the means employed to propel the blood along the

vessels in its ordinary course, but as the power by

which all the subordinate changes in the state of the

circulation are principally or entirely effected.

With respect to the share which the arteries them-

selves have in the motion of the blood, this acute

physiologist remarks, that if the motion of the blood

depended entirely upon the impetus impressed on it

by the heart, its force and velocity in thp different

parts of the body must, at all times, bear the same

ratio to each other. If the quantity and velocity of

the blood in any two corresponding parts, as in the

two arms, for example, be the same, provided the

arteries be mere membranous tubes, the momentum
of the blood in the two arms must always be pre-

cisely similar, and this will continue to be the case,

whatever be the strength or velocity of the heart's

motion, and however these may vary at different times.

But we do not observe this constant ratio to exist

;

on the contrary, the relative momentum of the blood

in the different parts of the body is always varying,

so that the quantity of blood and the velocity with

which it moves are perpetually altered, both from the

effect of external stimuli, and from a number of inter-

nal causes. This variable state of the momentum of

the arterial system may be regarded as a decisive

proof of the vital action of the vessels, and it may
be considered as almost a necessary consequence, that

this action must consist in alternate contraction and
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dilatation, and it is at least highly probable, that the

contraction is effected by a muscular structure.^

An elaborate set of experiments was performed

by Hunter, the object of which was to distinguish

between the elastic and the muscular power of the

arteries, in which the existence of this latter appeared

to be fully estabHshed. The experiments proceeded

upon the principle that the arteries possess both a

proper contractile and an elastic power, that the

former of these ceases with life, but that the latter

remains as long as the parts retain their structure and

composition. An animal was bled to death, by which

the arteries are brought into a state of complete con-

traction ; portions of them were then taken and slit

open longitudinally, and were distended by a given

weight in the transverse direction. After some time

the weight was removed, and they were then left at

liberty to resume their natural size, when it was

found that they had undergone a certain degree of

contraction, but less than that which they possessed

before the experiment. They were measured in their

three states, of ordinary contraction, of greatest dis-

tention, and of medium contraction ; it was argued

that the difference between their original size and the

greatest distention ofwhich they were capable, was the

measure of the sum of their muscular and elastic con-

traction, while the degree in which they recovered

themselves after the distention was the measure of their

elastic force only, because after death this power alone

could be supposed to remain in them, the muscular

6 Thomson's Lectures on Inflammation, p. 66.
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power necessarily ceasing with the cessation of life.

By the weights that were employed, and by the degree

of distention that was produced. Hunter endeavoured

to estimate the exact relation which these forces bore to

each other in the different vessels, or in the different

parts of the vessels upon which he performed his

experiments.^

Although I conceive there are various circum-

stances which will prevent us from arriving at any

great degree of accuracy in the estimates that are

deduced from experiments of this description, yet

the principle upon which they were performed I

believe to be correct, and they may be considered as

certainly establishing the general fact, that the arteries

possess a proper contractile, as well as an elastic

power. We may also be allowed to depend upon

them so far as to admit that they afford evidence of

the general distribution of these respective forces

;

viz. that the larger arteries possess a greater propor-

tion of the elastic, and the smaller of the muscular

power, a conclusion which coincides with Cullen's

speculations.

A number of experiments, essentially resembling

those of Hunter, and which appear to have been

performed with great care, were made by the late Dr.

Parry, and have been lately repeated and extended

by his son ; from these, as well as from various con-

siderations connected with the subject, they arrive at

7 Hunter on the Blood, p. 124, et seq. ; see Hewson's Exp.

Enq. V. ii.fp. 14, for a confirmation of the principles upon which

the above experiments were conducted.
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a conclusion which, in its most important features,

may be regarded as coinciding with that which we
have obtained from other sources.*' He, indeed, con-

ceives that the fibres which compose the middle coat

of the artery are not properly muscular, because he

supposes they cannot be made to contract upon the

application of those stimulants which produce con-

traction in proper muscles ; but he admits of a certain

vital action in these parts, allowing a considerable

degree of contraction of the arteries, necessarily con-

nected with the life of the part, and which is a dis-

tinct property from what the vessels possess as elastic

tubes ; to this power he gives the name of tonicity.^

But although so many circumstances, both physi-

ological and pathological, tended to favour the doc-

trine of the contractility of the vessels, still it

remained defective in its most important point,

that the transverse fibres could not be made to

contract upon the application of stimulants. It had,

indeed, been generally assumed, from their appear-

ance and texture, that these fibres were muscular,

but Haller's experiments were unfavourable to

this opinion,^ and it was strenuously opposed by

Bichat, both upon anatomical and physical consider-

8 See Dr. Hastings's remarks on Dr. Parry's experiments, in his

Treatise on the Mucous Membrane, p. 20, S6, &c.

9 On the Arterial Pulse, p. 52, et seq.

» Albinus describing the anatomical appearance of the parts,

without any regard to physiological hypotheses says, that the

transverse fibres of the large arteries do not resemble either

muscle or tendon ; Acad. Annot. lib. 4. c. 8. p. 32, 38.
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ations.^ We are also informed by Berzelius that the

chemical analysis of these transverse fibres differs from

that of the proper muscles,^ and the same statement

is made by Dr. Young.* But the objection, although

proceeding from such high authority, will probably

not be thought absolutely decisive, when we reflect

upon the obvious marks of contractility which is

manifested by many of the lower classes of animals,

as the Actinice, the substance of which is at least as

unlike that of the muscles of warm-blooded animals,

as the transverse fibres of the arteries can be conceived

to be.^

* Anat. Gen. t. 1, p. 272, et seq. Nysten endeavoured to prove

the correctness of Bichat's opinion, by showing that the aorta is

not sensible to the stimulus of galvanism ; Recherches de Physiol,

p. 325, et seq. It must, however, be remarked, that the aorta was

not the part of the arterial system where contractility is supposed

to reside, and that we have experiments which lead to the contrary

conclusion, although, perhaps, not so decisive as Nysten's. We
must remark also, that Bichat supposes the contraction of the

capillaries to be independent of the heart ; Sur la Vie et Mort,

p. 134. Lerminier, the writer of the article " Circulation," in the

Diet, des Scienc. Med. t. v. p. 233, argues that the circular fibres

are not muscular, nor the arteries contractile ; but he restricts the

term artery to the larger vessels, and supposes the capillaries to be

distinct from either the arteries or veins ; it does not, however,

appear to me that any advantage is gained by this innovation, and

it is not pretended that any precise limit can be fixed where this

change takes place.

3 View of Animal Chemistry, p. 25. 4 Med. Lit. p. 501.

^ Dr. Young appears almost to afford a reply to his own objec-

tion, for at the termination of the paragraph he maintains that a

part may be muscular which does not contain fibrin, and he adduces

the case of the crystalline lens in support of his opinion He sup-
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But all the arguments of a general nature that

have been adduced in this question are of little weight

compared to the direct experiments which have been

performed since the time of Haller, and which appear

unequivocally to prove that the arteries possess a power

in every respect analogous to, or rather identical with,

that of the proper muscular fibre. Experiments of this

description were performed by Verschuir shortly after

those of Haller
;
they are related with much apparent

candour and accuracy, and seem to prove very decidedly

that the arteries visibly contract upon the application

of the ordinary stimulants,^ but from the high and

almost overwhelming authority of Haller, they appear

to have been but little attended to, and to have

made scarcely any impression on the opinions of

physiologists.

The results of Verschuir's experiments have been

amply confirmed by the successive investigations of

Dr. Philip, Dr. Thomson, and Dr. Hastings. Dr.

Philip placed the web of the frog's foot in the micro-

scope, and distinctly saw the capillaries contract upon

the application of those stimulants which produce the

poses these fibres to possess considerable elasticity ; Med. Lit. p. 502.

Dr. Jones, who, it may be presumed, had made himself familiar

with the appearance of these parts, very decidedly pronounces

them to be muscular ; at the same time he says that they possess

considerable elasticity; Treatise on Hsem. p. 2. Sir Everard Home

observes, that the thin membranous coat of the hydatid possesses

contractility, although its structure is so different from that of the

muscles ; Lect. on Compar. Anat. p. 30.

6 De Arter. & Ven. Vi irrit. p. 20. 25. and 81.
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contmction of the muscular fibre.^ The same effect

is described as having been the result of Dr. Thom-

son's experiments f and it would appear that, in both

these cases, the appearances were so obvious and deci-

sive, as to admit of no question as to their reality, and

scarcely of any doubt as to the cause producing them.

This conclusion has been recently confirmed by Dr.

Hastings, and he has farther extended his experi-

ments to the large arterial trunks, and even to the

veins,^ and has observed in them, as well as in the

arteries, the most clear evidence of their contraction

upon the application of various stimulants, both che-

mical and mechanical.

-

And besides the direct result of experiment, there

are other circumstances stated by Dr. Philip, which

are scarcely less decisive in favour of the contractility

bf the arteries. He informs us that he distinctly

observed the circulation in the smaller vessels to con-

tiiiiie for some time after the heart was removed from

the body,^ and the same observation was made by Dr.

Hastings,'^ an effect which must necessarily have

depended upon the action of the vessels themselves.

Dr. Philip further informs us that the motion of the

'V'On Febrile Diseases, (3d ed.) v.ii. p. 17, et seq.; Med. Chir.

Trans, v. xii. p. 401, et seq.

8 Lectures on Inflammation, p. 83.

9 The contraction of the veins was observed l)y Verschiiir.

' Treatise ' on the Mucous Membi'ane, Introd, p. 24 . . 28,

50 . . .58, 61 . ;64.

2 Imjtiiry, Ex. 24, 62, 63. Quart Journ. xiii. 107-

. ? Introd. p. 51.

VOL. I. 2 D
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blood in tlic capillaries is influenced by stimulants

applied to the central parts of the nervous system,*

which must depend upon the capillaries possessing a

proper contractile power, similar to that of the mus-
cular fibre.

^

It appears, therefore, that we are fully warranted in

the conclusion that the arteries possess a proper con-

tractile power, and it is to be presumed that this

power resides in their transverse fibres. It appears

likewise to be established, that this contractile power

is principally seated in the capillary arteries, while

the large trunks and the veins, although not destitute

of it, possess it in a less degree. Indeed every fact

with which we are acquainted respecting the mecha-

nism and functions of the sanguiferous system, lead

us to the same conclusion, that the large arteries are

to be regarded as canals transmitting the blood from

the heart, where it receives its great impulse, into the

smaller branches, and that it is principally in thq$e

io*) Inquiry, p. 2 9 1 , 292

.

; 5An indirect argument of considerable importance in favourof the

contractile power of the arteries may, 1 think, be drawn from the

occurrence of cases in which the heart has been either altogether

wanting or completely defective in its structure, of which a well-

marked instance is recorded by Mr. Brodie, Phil. Trans, for I8O9,

p. 161, et seq. We have a decisive instance of the same kind men-

tioned by Hewson, Exp. Enq. v. ii. p. 15. We may conclude, m
these cases, that the arteries must have been the compensating

organs ; and it is more agreeable to the general principles of the

animal oeconomy to suppose that they were endued with an addi-

tional portion of their natural power, than that a completely new

function was imparted to th^m. See Amott's Elements, p. 509-
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smaller branches that it exercises its various functions.

We are therefore to consider the large trunks in the

light of a mechanical or hydraulic system, and the

capillaries as physiological or vital organs. It may

be remarked that this distinction, which is of the

greatest importance, has seldom been clearly laid

down by physiologists,^ and that to this neglect may

be attributed at least a part of that ambiguity which

has so long prevailed respecting the properties of the

arterial system.

With respect to the properties of the veins there is

much less difference of opinion than with respect to

the arteries. It is generally admitted that the veins

exhibit the transverse fibres in small quantity only,

or are nearly destitute of that part which is analogous

to the middle coat of the arteries, and are conse-

quently to be regarded as little more than mere elastic

tubes. Their office is to return the blood to the

heart after it has completed all its functions in the

different organs, and has either expended that ingre-

dient which gives it the power of acting upon the con-

stituents of the body, or has acquired some addition

which renders it inert or noxious. The action of the

veins is therefore entirely mechanical, and the blood

is transmitted by them to the auricles upon hydraulic

principles, in a way which will be considered here-

after. With respect to their structure, as far as their

physiological properties are concerned, it is only

6 From this censure I must exce)3t the anonymous author in the

Edin. Med. Journ. to whose judicious papers I have so frequently-

had occasion to refer.

2 D 2
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necessary to remark, that all the large veins which

pass along the muscles are furnished with valves so

placed as to prevent the regurgitation of the blood

towards the commencement of the vessels ; the use of

these valves, and the reason why they are confined to

certain veins alone, will be further considered when we
treat ofthe powers by which the circulation is effected.

Before we quit this part of our subject it will be

necessary to make some observations upon the peculiar

affection of the arteries which is denominated the

pulse. It is well known that if the finger be applied

with a moderate degree of force to certain of the

arteries, a degree of pressure or increased resistance is

experienced by the finger during the instant of the

systole of the heart, or that period when the heart

propels its contents into the arterial trunks. This

constitutes the pulse ; and until lately it was always

conceived to depend upon the dilatation of the vessels

produced by the increased quantity of blood that was

projected into them during the contraction of the ven-

tricle. The acuteness of Bichat led him to doubt

whether the dilatation of the artery actually existed, or

even if this were the case, whether it was sufficient to

account for the phenomena, and he was disposed to

refer it rather to a change in the position of the

artery, produced by the sudden impetus of the jet of

blood into it, analogous to the effect on the arch of

the aorta, by which the apex of the heart is raised

up and made to strike on the thorax. Still, however,

the bulk of pliysiologists continued to attribute the

pulse to the dilatation of the artery, until Dr. Parry



Parry's Experiments. 405

instituted an experimental inquiry into the subject,

the result of which was to show that not the smallest

dilatation can be perceived in the larger arteries when

they are laid bare during life, nor does he believe tliat

there is any degree of displacement or unbending of

the artery, which can account for the effect that is

produced upon the finger.^ He ascribes the pulse to

" impulse of distention from the systole of the left

ventricle given by the blood, as it passes through any

part of an artery contracted within its natural dia-

meter." This view of the subject appears to me to

be correct ; at the same time we may remark that it

does not fundamentally alter our idea of the nature of

the pulse, or the relation which its phenomona bear

to the other parts of the system, or to the use that is

made of it in pathology. According to this doctrine

we must regard the artery as an elastic and distensible

tube, which is at all times filled, although with the

contained fluid not in an equally condensed state, and

that the effect produced on the finger depends upon

the amount of this condensation, or upon the pressure

which it exercises upon the vessel as determined by

the degree in which it is capable of being compressed.

Upon this principle we can easily account for the dif-

ferent conditions of the pulse, and the relation which

each of them bears to the action of the heart, whether

7 We are, however, informed by Dr. Hastings, that the alter-

nate dilatation and contraction of the larger arteries was sufficiently

obvious to himself and his friends ; it is impHed, although not so

stated^ that this alternate action corresponds to or was connected

with the pulse ; Treatise (m the Mucous Membrane, p. S I, note.
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it expels a larger or a smaller quantity of blood, whe-
ther it is sent out of the ventricle with a greater or

less force, whether the contraction be performed in a

longer or shorter space of time, and other points of

this nature, the consideration of which belongs more
especially to the science of pathology.^

§ 7. JElfficient Causes of the Circulation.

In considering this subject, we shall inquire first,

into the nature and operation of these causes, and, se-

condly, into their amount or the degree of their effect.

The causes themselves may be arranged under the

heads of vital and mechanical, those which belong to

the organs as parts of the living body, and those which

they possess when regarded merely as a system of elas-

tic tubes or membranous cavities. The vital powers of

the constitution may be all reduced to the single

effect of muscular contractility, by which, as has been

so often remarked, the size of the cavity is diminished,

and the contents necessarily pressed out. This is a real

source of power in which motion is generated which

did not previously exist, and the ventricles of the

heart are the main spring from which this force pro-

ceeds. A similar source of motion appears likewise

to originate in the arteries, especially in their capillary

extremities, by which they produce an actual addition

to the motion of the sanguiferous system, subsidiary

to that of the heart. The power of the arteries is,

however, entirely subservient to that of the heart,

and much inferior to it in quantity, for we find that

8 For some judicious observations upon this subject see an article

in the Journal of Medical Science, No. 38.
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the pulsations of every part of the arterial system,

although situated at such various distances from the

centre, are all synchronous, and contemporary with

the contraction of the ventricles. Hence it appears

that the impulse which is given to the blood in the

trunks of the great arteries is propagated to the

remotest parts of the system, and that they are imme-

diately brought into their state of distention.

It was a point which was much contested by the

earlier physiologists, especially by those of the mecha-

nical sect, whether the elasticity of the vessels pro-

moted the flow of the blood through them. As a

question concerning the mere quantity of power, we

apprehend there can be no doubt of its insufficiency,

because it is a principle which is now generally

admitted, that simple elasticity is not a source of

power, but only a means of distributing the power

generated byother causes in a new direction. Although,

therefore, the present constitution of the blood-vessels

is much more convenient and more conducive to the

well-being of the animal oeconomy than a set of rigid

tubes would have been, their membranous coats are

not to be considered as, in any degree, contributing

to the actual power by which the blood is propelled

along them.

Among the mechanical causes which promote the

circulation of the blood there is one which is gene-

rally supposed to be considerably efficacious, especially

in the venous part of the circulation, the pressure

which the muscles, during their contraction, exercise

upon the veins. Whenever a muscle contracts, so as

to have its ends brought nearer to each other, its belly



408 Derivation.

is proportioiiably increased in thickness, and it is

evident that in this change of form all the tubes

that pass through the muscles, or in contact with

them, will be compressed. When this compression is

exercised upon an artery, its operation will be rather

to retard than to promote the flow of the blood, in

consequence of its diminishing the capacity of the

vessels, and rendering them less able to yield to the

distending force of the heart ; but in the veins any

effect of this kind will be much more than compen-

sated, in consequence of the numerous valves which

these vessels contain. As the veins are less firm or

dense than the arteries, and are generally so situated

as to be more subject to be acted upon by the muscles,

it follows that the effect of external pressure will be

experienced in a greater degree than by the arteries,

and therefore that the balance will be considerably in

favour of the transmission of the blood towards the

heart. The use of these valves is sufficiently obvious

from their form, and it is still further proved by the

circumstance, that those veins alone are furnished

with them which accompany the muscles, especially

those of the extremities, while the veins belonging to

the internal viscera, and those connected with the

system of the hepatic circulation, are not provided

with them.

There is a mechanical cause which has been pointed

out as contributing to the circulation of the blood, to

which the name of derivation is applied. When the

ventricles have contracted, and liave expelled their

contents into the arteries, they relax, and by this

means become again increased, aiul consequently a
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vacuum would be produced in them, were it not that

they arc immediately filled by the flowing in of the

blood from the contiguous auricles. The fluid in this

case is supposed to leave the auricle, not from the

muscular contraction of this organ, but from its neces-

sarily flowing into that part where there is the least

pressure. The effect of derivation, as influencing

the circulation of the blood, is a circumstance which

seems to have escaped the older physiologists ; it is

mentioned, although obscurely, by Haller, but was

first In'ought forwards in a clear and definite manner

by Dr. Wilson, in a short essay, which contains some

ingenious speculations, connected with much of what

is incorrect, both as to matter of fact and the infer-

ences that are deduced from them. After remarking

upon the insufficiency of the force of the heart to

propel the blood through the whole (bourse of the cir-

culation, he goes so far as to state that the heart is not

the organ of the motion of the blood, and that it

even acquires no actual addition of motion in passing

through the heart. The sole, or at least by far the

most important power of the heart, according to this

author, is its faculty of absorbing the blood from the

veins, which it does upon the principle of an exhaust-

ing machine ; by throwing out the blood fi'om its

cavities a space is left into which the contents of the

veins are immediately discharged, because there is the

least resistance in this direction.^

The views which had been thus imperfectly opened

Wilson's Inquiry, p. 9, 11, l6', 35, et alibi. On this suLject,

see a letter from Dr. GoodwyU;, inserted in the Appendix;, v. iii.

p. 39.9, ct seq.
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by Dr. Wilson have since been more fully disclosed

by Dr. Carson. In an elaborate dissertation, in

which he very fully discusses the nature and extent

of the powers of the circulating system, he so far

coincides with the generally received opinion, as to

conceive that the contractile force of the heart tran-

mits the blood through the arteries, and even into

the extremities of the veins, but that this vis d tergo,

as it is termed, would not be competent to complete

its return into the right auricle. To accomplish this

object Dr. Carson has recourse to what he terms the

power of suction, which, on the principle suggested

by Dr. Wilson, impels the venous blood into the

cavities of the heart, to fill up the vacuum which

would otherwise be formed there. This diminution

of resistance to the entrance of the venous blood into

the heart is brought about in two ways : it is sup-

posed that the construction or disposition of the mus-

cular fibres of the ventricles is of that kind, that

when they relax, the organ is necessarily dilated, a

circumstance which depends upon the fibres being

twisted, so as to give to the parietes of both the ven-

tricles a shape somewhat resembling that of the

figure 8. A still more powerful agency, however, he

conceives to be derived from the action of tlie lungs.

These, it is supposed, are always in a state of forced

distention, and would consequently collapse by the

pressure of the atmosphere, were they not contained

in a rigid case which secludes them from its opera-

tion. In one part, however, where the membranes

of the heart arc connected with the plema, the waUs

of the thorax arc merely membranous, and are there-
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fore subject to the influence of this external pressure,

which, acting through the intervention of the pericar-

dium, keeps its cavities in a state of dilatation, and

as the external surface of the heart is always in con-

tact with the internal surface of the pericardium, the

auricles must also of course be kept distended, except

when they contract by their vital energy. Hence,

what may be termed the natural condition of both

the auricles and ventricles is a state of dilatation, so

that immediately after each of them have completed

their systole, and relaxation ensues, they become again

dilated, and necessarily receive the blood which is

contiguous to them in the veins, as the valves will

prevent the return of that which has once passed

through them.^ I conceive the general conlusions

of Dr. Carson to be fully established, as far as respects

the inadequacy of the contraction of the heart and

arteries to return the blood to the right auricle, and

also the actual existence of the principle of deriva-

tion, by which the venous blood is poured into the

auricle and ventricle, because it meets with less re-

sistance in this quarter than in any other direction.

I am, however, disposed to doubt the validity of

some parts of his reasoning, while there are certain

positions which appear to be decidedly incorrect. In

the latter predicament I consider the alleged condi-

tion of the lungs, as being always retained in a state

of forced distention, a point which I shall discuss

more at large when I treat upon the function of

I Cartiou's Irui- pp. 97, 108, 117, et ulibi.
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respiration, wliilc among the doubtful positions may
be placed the supposed dilatation of the heart by the

mere relaxation of its fibres. If we conceive of the

relaxation of a set of fibres of this description, as

forming the parietes of a double cavity, it will have

the effect of leaving this cavity in what may be

termed a passive state, so as readily to yield to any

distending force from without ; but this is merely a

negative effect, and will not account for the entrance

of the fluid into it without some other more active

principle. This I conceive to be a mechanical cause

depending upon the structure of the heart, as con-

sisting of a substance which possesses a great degree

of elasticity, so that when its cavity is diminished by

the contraction of the muscular fibres, as soon as the

contractile power ceases to operate, the elastic force

comes into play, and tends to bring it back to its

former shape. We may form a clear idea of the

operation of this supposed principle by regarding the

heart in two ways, first, as consisting of a flexible

and inelastic bag similar to a moistened bladder ; and,

afterwards, as composed of a bag of similar dimensions

formed of caoutchouc. We may imagine that each of

these has the same apparatus of muscular fibres ; when

the first ofthem is filled with blood, the muscular fibres

contract, reduce its size, thereby expelling its con-

tents, and leave the bag in a collapsed state ; whereas,

in the second case, after the fibres have contracted

and expelled the blood, the elastic nature of the

organ causes it to resume its rounded form, and to

leave a cavity nearly as considerable as before the
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operation. This cavity will of course be immediately

filled by any fluid which is in contact with it ; and in

the case of the heart the blood that is in the auricles,

without any action on their part, will immediately

flow into the ventricles, and will itself be succeeded

in the auricles, by an equal quantity of blood from

the veins. We have, perhaps, no very decisive

experiments or observations to prove that this is

actually the state of things with respect to the heart,

but it appears very probable that it is so, at least to

a certain extent, and therefore I do not hesitate to

enumerate derivation, or, as it might be more cor-

rectly and less hypothctically termed, the elasticity

of the heart itself, as among those causes which

assist in the circulation of the blood.-

Contrary, however, to what appears to be the

opinion of those who have treated on this subject,ul

cannot admit that the principle of derivation is an

actual som*ce of power, or that there is any genera-

tion of motion produced by it. Like other forces

which depend upon elasticity, it is to be regarded

solely as giving a new direction to a power previously

existing, the origin of which, in this case, is the

^ See Dr. Hastings's observations upon Dr. Carson's hypothesis;

Treatise on the Mucous Membrane, p. 8, et seq., and Philip irt

Med. Chir. Trans, xii. 397^ et seq. It is to this elasticity of the

heart that we may refer a certain degree of re-action which it ap-

pears to exert during its diastole, and which M. Magendie ob-

serves is something more than a mere passive operation ; Physiol,

t. ii. p. 329. The same opinion, as has been stated above, p. 173,

was maintained by Bichat.
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contractility of the ventricles. It may indeed be

regarded as a very beautiful contrivance for equalizing

the force employed in the circulation, and for trans-

feiTing, as it were, part of it from the commence-

ment to the termination of the passage of the blood

along the vessels ; but I apprehend that precisely as

much power as is gained by the influx of the blood

from the auricles into the ventricles, must have been

previously exercised by the muscles of the ventricle

in overcoming the increased resistance caused by the

increased elasticity of its substance. We may con-

clude therefore that the efficient causes of the circu-

lation of the blood are the contractility of the mus-

cular fibres of the heart, that of the capillary arteries,

and external pressure upon the veins, principally pro-

duced by the contraction of the muscles.

After considering the causes or powers which pro-

mote the flow of the blood along the vessels, it will

be necessary to take a cursory view of those which

tend to retard it. These are very numerous, and

some of them very considerable; they may be all

referred to the head of mechanical causes, because

any circumstance which tends to diminish the vital

energy of the heart or arteries acts merely in a nega-

tive manner, diminishing the effect of their contrac-

tility. The most important of the mechanical causes

which retard the motion of the blood are the follow-

ing ; the physical composition and structure of the

vessels, as being imperfectly elastic, flexible, pursuing

a winding course, ramifying into branches which go

off' at considerable angles from the trunks, the
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branches occasionally uniting, by which the streams

of blood meet each other in opposite directions, and

the circumstance of the sum of the areas of all the

branches being greater than that of the main trunk.

The resistance which the blood already in the- vessels

opposes to the entrance of any fresh quantity is the

cause of a prodigious expenditure of power, while the

nature of the blood itself, as being a thick and tena-

cious fluid, its adhesion to the sides of the vessels,

and the friction which it must experience in passing

along so extensive a system of tubes, afford other

causes of the loss of power, the amount of which

must be very great. Those who are versed in the

laws of hydraulics will perceive the reality of all these

causes of retardation, and will be aware that they

operate independently of the vital power of the

organs, acting upon them as they would on a system

of tubes possessed of the same physical properties,

but without any of those functions which are peculiar

to the living animal.

When we consider how much the powers of hydrau-

lics are concerned in the circulation, we cannot be

surprised that the mechanical physiologists, who ap-

plied their science to many points of the animal

oeconomy to which it had so little relation, should

have bestowed unusual attention upon every circum-

stance connected with the action of the heart, and

the motion of the blood along the vessels. We shall

accordingly find that some of their most elaborate cal-

culations were directed to this subject, and that they

bestowed upon it no less attention than upon the
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cause and nature of muscular contraction. Upon the

whole, the result of their labours has been almost as

unfortunate in this as in the former case, for although

the data are less obscure, as far as concerns the nature

of the -powers employed, yet we are totally unable to

ascertain the amount both of the powers which pro-

mote and those which retard the circulation of the

blood.

With respect to mathematical reasoning in general,

it must be admitted that, when it is cautiously applied,

it has enabled us to arrive at physiological truths,

which we perhaps could not have attained by any

other method, and which are beyond the reach of

actual observation. But when we call in the aid of

mathematics to assist us in our researches, it is of the

utmost importance to ascertain that our data be well

founded, and that we are not misled by false analogies,

or by the mis-application of principles which may be

in themselves correct. But the mechanical physiolo-

gists fell into the fatal errors of assuming principles

which were incorrect, of adopting data which were of

doubtful authority, and of applying them in an in-

correct manner.

To relate all the theories, hypotheses, and calcu-

lations that have been formed upon the subject of the

circulation, would be an idle expense of time and

labour, but it may be proper to give an account of

some of the attempts that have been made to esti-

mate the force of the heart, because they were con-

ceived by men eminent for their learning and ability,

and afford an excellent specimen of the method of
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reasoning that was fashionable at the time when they

flourished.

BorelH, jiroceeding upon his hypothesis, that the

power of muscles is in proportion to their weight,

estimated that the force of the heart is equal to the

enormous sum of 180,0001b. Keill perceived the

extravagance of Borelli's calculation, and attempted to

arrive at the truth by a more complicated process.

He set out by the position that the force of the heart

;produces two effects ; it expels a quantity of blood

ifrom its cavities, and communicates motion to the

•contents of the arteries. He first attempted to esti-

mate the quantity of blood thrown out of the heart

by each of its contractions ; and by taking the diameter

of the aorta, he could then calculate the velocity with

which it passes along this vessel. He found the

quantity of blood to be about two ounces, the area of

the great vessel to be about three-fourths of a square

•inch, and he conceived that the actual contraction of

the ventricle would occupy about the two-hundredth

part of a minute. Hence he found that the blood

sent into the aorta would compose a cylinder of about

eight inches in length, and be driven along with a

.velocity of 156 feet in a minute. In producing this

velocity the heart has not only to expel the blood,

but to overcome all the resistances in the vessels, and

the next step was to ascertain their amount. For

this purpose he opened a living animal, and laid bare

the iliac artery and vein. Now he argued that all the

blood which passes through any artery must be re-

turned by the corresponding vein in the same time,

VOL. I. 2 k
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but with a different degree of force ; the arterial

blood has to overcome all the resistances which occur

in the course of the circulation, the venous blood pos-

sesses only the force which remains after the resist-

ances have been overcome. He opened the iliac vein

and received all the blood that flowed out in ten

minutes, and afterwards he opened the artery and

received the blood that flowed out during the same

length of time, when he found that the quantity of

blood which*he obtained from the artery was to that

from the vein as seven and a half to three, or as two

and a half to one. He therefore concluded that the

first of these numbers may be regarded as the mea-

sure of the velocity which the blood receives from the

full force of the heart ; and the second, the velocity

with which it moves after it has overcome all the

obstacles which it meets with in its passage through

the vessels. Proceeding upon this principle, the

velocity in the aorta, without the resistances, is

estimated at 390 feet in a minute, or nearly six feet

and a half in a second. From this datum, by means

of the Newtonian theorem, he estimates the force

which is necessary to move a given column of blood,

with a known velocity in a given time, and this he

determines to be five ounces and a half, or about half

a million of times less than the calculation ~of Borelh.

We cannot but give the merit of ingenuity to

Keill's reasoning, but it is obviously incorrect in

many particulars. In the first place, a great mass of

resistance is opposed to the blood at its entrance into

the aorta, which must have been overcome before it

arrives at the iliac artery, on which Keill made the
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experiment. In the second place, the quantity of

blood which flows from a divided vessel is no measure

of what passes through it at other times, as on the

principle of derivation, blood will be sent from all the

neighbouring vessels to a part where the resistance is

removed. In the third place, we are not certain that

the same quantity of blood is returned by what are

called the corresponding veins ; and it is also probable

that, in Keill's experiments, a greater quantity than

ordinary would pass off by the veins ; in consequence

of the anastomoses that veins have with each other.

But it is unnecessary to dwell any longerupon these ob-

jections, enough having been said to show that the esti-

mate does not afford even an approximation to truth.

The only other calculation of this kind which I

shall notice, is that of Hales. Hales was remarkable

for the purity and integrity of his character, and his

ardour in philosophical researches, and he bestowed a

large part of his time on experimental inquiries into

the nature of vegetable and animal bodies. He had

too much candour to be blindly devoted to any sect,

but the genius of the age in which he lived was so

decidedly in favour of the employment of mathema-

tical reasoning in every department of philosophy,

that he entered very fully into all the views of his

predecessors respecting the mechanical powers of the

sanguiferous system. He attempted to estimate the

relative force of the arteries and veins by inserting

tubes into the great vessels near the heart, and ob-

serving the comparative height to which the blood

was impelled into them. This he found to vary in

different experiments, but it was always considerably

2 E 2!
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greater in the arteries than in the veins, upon an

average, as about ten to one. In order to ascertain

the absolute force of the heart, Hales inserted tubes

into the aorta, soon after it leaves the left ventricle,

when he found the column of blood raised in the

tube to be of such a height, that by comparing it

with the cavity from which it was projected, and

taking into account the time and the area of the

vessel, the force of the heart would be about 50lb.^

Perhaps Hales's estimate may not be very remote

from the truth, yet there are many points in which

it is defective, even regarding the heart as an hydraulic

machine ; and it is obvious that when we consider

contractility as a variable power, depending upon a

number of causes connected with life, which it is im-

possible to appreciate, we shall be convinced of the

futility of such calculations. Hales's works, however,

contain much important information, the direct result

of experiment, which will always render them a valu-

able magazine of facts for the philosophical inquirer

into the actions of the sanguiferous system.

^ 8. Of Inflammation.

Before I quit the subject of the circulation it may

be proper to offer a few remarks on the nature of

inflammation, a point indeed more immediately con-

nected with pathology, but yet of considerable im-

portance considered in its physiological relations.

The phenomena of local inflammation, to which I

mean principally to confine my observations, vary

according to the structure and functions of the part

3 Statical Essays, v. ii. p. 38, 40.
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aflPected, yet there are some circumstances which may

be considered as common to all cases, of which the

four following are considered the most essential, red-

nessj heat, pain, and swelling.* It is generally agreed

that the capillaries are the immediate seat of the in-

flammatory action, and that when any change occurs in

the large vessels, it is to be attributed to a secondary

or consequential operation, originating from the affec-

tion of the minute arteries. All the four symptoms

mentioned above, redness, heat, pain, and swelling,

may be attributed to one primary cause, an increase

in the size of the minute vessels, by which they are

enabled to admit of more than the ordinary quantity

of blood to be received into them, but a great diver-

sity of opinion has prevailed concerning the mode in

which the blood is conveyed or retained there, or con-

cerning what has been termed the proximate cause of

inflammation.

After the vital power of the vessels had been esta-

blished by Stahl and his disciples, the phenomena of

local inflammation were referred to this action, and as

all the natural operations of the arterial system seemed

to be augmented during this state, so it followed, al-

most as an obvious consequence, that inflammation

essentially consists in increased action of the capil-

laries." A strong objection to this supposition was,

4 CuUen's First Lines, § 235 ; Thomson's Lectures on Inflam-
mation, p. 42; see also, J. Hunter's Treatise on the Blood, c. 3,

a portion of this celebrated work, which cannot be too carefully

studied, both for its valuable observations and for its profound
insight into the operations of the animal ceconomy ; yet even
here we have to lament the metaphysical subtiltics in which the
author is occasionally involved.

5 For a clear and candid statement of the opinions which have
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however, quickly perceived, that the effect of the vital

action of the vessels is contraction, while, as we ob-

served above, the very essence of inflammation con-

sists in an increase of the capacity of the vessels. But

the ingenuity of the physiologists was not baffled by

this difficulty ; various means were invented to accom-

modate the theory to the facts, depending upon the

presence of some obstacle which the blood was con-

ceived to meet with in its passage through the vessels,

which, at the same time, was not incompatible with

their increased diameter. Boerhaave attributed the

obstruction to a change in the texture of the blood

itself, by which it became more thick and viscid, acquir-

ing, what he called, a state of lentor, and to this lentor

he added the further hypothesis, that the increased ac-

tion of the arteries forces the larger particles of the

blood into vessels, which, in their natural condition, are

too small to receive them. This constitutes the error

loci ofthe mathematical physiologists, and by the lentor

and error loci were the phenomena of local inflamma-

tion explained by Boerhaave and his numerous disci-

ples,^ until this, like most of their other speculations,

was assailed by the powerful genius of Cullen. In place

of the mechanical doctrine of Boerhaave, Cullen sub-

stituted his favourite hypothesis of spasm ;7 for he ad-

mitted the increased action of the vessels in local in-

flammation, while he was aware, that without some

been entertained upon the state of the blood-vessels in inflamma-

tion, I may refer the reader to Dr. Thomson's Lectures on Inflam-

mation, p. 61.. 75; and Hastings's Treatise on the Mucous

Membrane of the Lungs, p. 67^ et seq.

6 Aphor. 110, 122, 370, et seq. cum Sweiten. Comment.

7 First Lines, § 244<, et seq.
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counteracting circumstance, this increased actionwould

produce effects totally inconsistent with the actual

phenomena.^ We shall, however, find, upon due

reflection, that the spasm of CuUen is equally un-

founded, and perhaps even less intelligible, than the

lentor and error loci oi the Boerhaavians ; and accord-

ingly his explanation has been generally regarded as

incomplete, yet since his time no regular attempt has

been made to reconcile the increased action of the

vessels with their enlarged diameters.

In this dilemma a totally different view of the

question has been taken, according to which local

inflammation is to be attributed to a diminished

action of the capillaries. This hypothesis, which

appears to have been originally proposed by Vacca,

an Italian physiologist, about the middle of the last

century, was first brought forwards in a clear and

consistent form by Mr. Allen, who, for some years,

lectured in Edinburgh on the animal economy ; it

was adopted by Dr. Wilson Philip,'^ who performed a

series of experiments in support of it, and has been

since embraced by Dr. Parr,^ Dr. Thomson,^ and Dr.

Hastings.^

8 Haller was quite aware that an increased action of the arteries

must have a tendency to diminish their capacity, and employed

this consideration as an argument against the muscularity of the

capillaries.

9 Wilson on Febrile Diseases, v. iii. p. 15. . 73.

» Dictionary, Article " Inflammation," v. ii. p. 13, et seq.

2 Lectures on Inflammation, p. 70.

3 On the Mucous Membrane, p. 71, et seq. Dr. Thomson and
Dr. Hastings likewise supported the hypothesis by numerous expe-

riments. Although Philip, Thomson, and Hastings, agree in the

main point, that inflammation essentially consists in diminished

action of the capUlary arteries, they differ respecting the actual
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According to Mr. Allen's hypothesis, the redness,

heat, pain, and tumour, are to be ascribed to the

increased quantity of blood which the vessels contain

in consequence of their relaxed state ; the symptoms,
therefore, which had been usually attributed to exces-

sive action he ascribes to this partial stagnation of the

fluids, together with a kind of struggle between the

loss of power in the part, and the unusual stimulus to

which it is thus subjected. Although this doctrine

of the proximate cause of inflammation may, at first

view, seem to counteract our established notions upon

the subject, yet it will, I think, be found upon exa-

mination to be more consistent in all its parts, and to

accord better with the various phenomena both of

pathology and of physiology, than any of the specu-

lations which had preceded it, derived from the prin-

ciple of increased action combined with obstruction.

And indeed if we take into account that the exact

seat of the inflammatory action is not visible to the

eye, and that, according to the hypothesis ofDr. Hast-

ings, the state of active inflammation consists in an

state of the vessels. Dr. Philip supposed that the constant effect

of inflammation is to dilate the vessels, and to diminish the velo-

city of their contents ; Treatise on Fehrile Diseases, v. iii. p. 15, et

seq. ; also Preface to 4th ed. p. vii. ; and Med. Chir. Trans, v. xii.

p. 407- Dr. Thomson concludes that the velocity is sometimes in-

creased and sometimes diminished ; Lect. on Inflammation, p. 8P ;

while Dr. Hastings adopts the opinion of Dr. Philip, that in the

proper inflammatory state, the velocity of the fluids is always

retarded; on the Mucous Membrane, p. 91* et alibi. It may be

worth noticing, that the article " Inflammation," in the Diet,

des Scien. Med. t. xxiv. p. 525, et seq. written by Boyerin 1818,

contains no account of either the hypothesis or experiments of

the English physiologists : inflammation is referred, according to

the old doctrine, to the increase of vital action.
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increased action of the larger arteries, while the

capillaries are in their natural state,* it will approxi-

mate this hypothesis, at least as to all pathological and

practical consequences, pretty nearly to the old doc-

trine. But I must add, that I think we are not

arrived at that degree of knowledge on the subject

which will enable us to form a decisive opinion respect-

ing it. Waiving, therefore, the regular discussion of

the hypothesis, I shall conclude by a few observations,

which may be of some use to those who are inclined

to investigate the proximate cause of inflammation

with more minuteness.

Although we may conceive that the phenomena of

inflammation are as readily explicable upon the hypo-

thesis of diminished as of increased contractility of

the capillaries, yet it appears to me that both the

exciting causes of this aflfection and the treatment

coincide more with the idea of excessive than of

defective action. All those circumstances which we

are usually in the habit of considering as stimulants

excite inflammation ; and where the same effect is

brought about by sedatives, or by agents of a more

doubtful operation, still we can generally perceive the

existence of what has been termed re-action, which is

the immediate precursor of the change in the state of

the circulation. In the same way the remedies for

inflammation appear to me more adapted to remove

or relieve an excess than a defect of vital energy, as

for this pui-pose, except under peculiar circumstances,

we always apply either direct or indirect sedatives,

and find stimulants to be as injurious as the others are

beneficial. From these considerations I am induced

4 On the Mucous Membrane, p. 106".
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to recur to the former idea of increased action being

the proximate cause of inflammation, or at least as

being essential to it, and to inquire whether there be

no correct method of combining a state of increased

action with distention of the vessels. This, it is

obvious, must be accomplished by obstruction in some

form or other, either arising from the nature of the

fluid, or from the difficulty with which it leaves the

vessels after it has entered into them. Now, although

we may agree with Cullen that Boerhaave adduced no

sufficient proof of the existence of his lentor and

error loci, yet it does not follow that no alteration in

the condition of the blood exists. May we not con-

ceive, that by the inflammatory action the proportion

of fibrin is increased, or that the fibrin already pre-

sent acquires a greater tendency to coagulate ? That

the solid contents generally ofthe blood are augmented,

either by an increased quantity being thrown into the

vessels, or a portion of the more fluid part being

removed ? May not some new arrangement take place

with respect to the globules, so that they may coalesce

or be more strongly attracted together ? Or, without

having recourse to any speculations of this kind, may

we not conceive it possible, that if the minute arteries

are contracting more vigourously than ordinary, their

relaxation will be proportionably great, so as to allow

of the different parts of the blood, as the fibrin and

the globules, to be admitted into vessels which are

generally impervious to them, and which, when once

entered, from the vis d tergo on the one hand, and

from the decreasing diameter of the vessels as they

divide into small branches on the other, are forcibly

detained, and produce all those symptoms which seem
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to originate from mechanical obstruction ? These

considerations are thrown out rather to show what

may be conceived as a possible occurrence, than from

the idea of our possessing any evidence of their actual

existence. They may, however, show that we have

not a sufficiently intimate acquaintance with the

subject to enable us to decide peremptorily respecting

the proximate cause of inflammation.*

* In the Ann. des Scien. Nat. for June last, t. xi. p. 113, et

seq. we have a set of experiments performed by Dr. Barry, for

the purpose of confirming his hypothesis respecting the connexion

which subsists between the functions of circulation and of respi-

ration. The principle on which it rests is, that the act of inspi-

ration, by increasing the dimensions of the thorax, tends to produce

a partial or relative vacuum around the heart, and that its conse-

quent dilatation causes the great veins to discharge their blood

into its cavities. The experiments consisted in opening the thorax

and introducing the hand, for the purpose of ascertaining by the

touch, what was the condition of the heart and its appendages

during the diflferent states of the lungs, or, as on the former occa-

sion, by observing the efiect produced on the syphon. I am dis-

posed to give Dr. Barry full credit for the ingenuity with which

his experiments were contrived, and the dexterity with which they

were performed ; but every one who has been in the habit of expe-

rimenting on the living body must have felt the difiiculty of ap-

plying to the functions in their natural condition, the appearances

which are presented by the disturbed state to which they are re-

duced in these cases. It is therefore necessary, in almost every

instance, to correct the actual results, by making due allowance

for certain circumstances, which unavoidably interfere with them,

or by a reference to the acknowledged phenomena which attend

the ordinary action of the parts. From these considerations, and
still more, for the reasons stated in v. ii. p. 593, I cannot assent

to Dr. Barry's doctrine, that the ingress of the venous blood into

the heart is principally caused by the partial vacuum that is

formed round it during inspiration. Dr. Bariy ascribes the

beating of the heart to the impulse given to it by the forcible

entrance of the venous blood, produced by the relative vacuum
which is formed around the ventricles by the expansion of the
thorax, p. 124.
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CHAP. VI.

OF THE BLOOD.

1. Remarks on the Progress ofAnimal

Chemistry.

After the description of the course which the

blood follows in the circulation, and of the mechanism

by which its motion is produced and regulated, I

must now proceed to consider those functions by which

its physical and chemical properties are changed, so as

to become subservient to the growth and nutrition of

the body. The blood is, however, a fluid of a very

compound nature, the different constituents of which

are possessed of peculiar properties, and are retained

in a state of combination, in many respects, unlike

that of any other substance with which we are

acquainted. It will therefore be desirable, before we

proceed to the other functions, to give some account

of the nature and properties of the blood ; to this I

shall prefix a few remarks upon the history and pre-

sent state of animal chemistry.

During the earlier part of the eighteenth century,

when chemistry first began to assume a scientific form,

and when the experimentalist proposed to himself

some definite and intelligible object of inquiry, the

analysis of animal and vegetable substances naturally

attracted a share of his attention. The mode of

examination which was then adopted was indeed
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little calculated to throw any light upon the subject,

for it consisted almost entirely in submitting the sub-

stances to the process of distillation at a high tem-

perature, by which their primary compounds or proxi-

mate principles were entirely destroyed, and either

converted into new compounds, which did not pre-

viously exist, or resolved into their ultimate elements.

Many of these latter were of a gaseous or volatile

nature, and from the operator being, at that period,

ignorant of the properties, or even of the existence of

such bodies, they were suffered to escape, and were

totally disregarded, while the solid or fluid products

that were obtained were, in all cases, nearly similar

to each other, and conveyed no idea of the nature of

the substance from which they were procured. They
principally consisted of a carbonaceous residuum, with

a quantity of empyreumatic oil and ammonia, which

two latter substanceswere generated during the process.

The first radical improvement in animal analysis

consisted in substituting the action ofvarious re-agents

for this method of destructive distillation,.an improve-

ment for which we are principally indebted to the

French, and especially to some members of the Royal
Academy of Sciences, who, about the middle of the

last century, were led to investigate the composition

of organized bodies, and soon perceived the little

benefit that had been derived from the former method
of proceeding. One of the most active of those who
were engaged in this new pursuit was Rouelle ; he
subjected the substances which he wished to analyze

to the action of alcohol, acids, alkalies, and other
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powerful re-agents ; he noticed the effect of simple

exposure to the atmosphere, he examined the changes

produced by temperature and moisture, and, at the

same time, carefully watched the progress of spon-

taneous decomposition. Neumann of Berlin, and

some other of the German chemists, proceeded upon

the same plan with Rouelle and his associates, and, at

a somewhat later period, Macquer and Baume mate-

rially contributed to our knowledge of this department

of chemistry by their publications. Hitherto it had

been little attended to in this country ; Hales indeed

made the important discovery, that a permanent gas

was obtained from various animal substances by dis

tillation,^ but it was an insulated fact, the nature of

which was not understood, so that it led to no further

improvement ; and it was not until the establishment

of the pneumatic chemistry, as it has been called, for

which we are so much indebted to Black, Cavendish,

and Priestley,^ that the nature of the results could be

5 He informs us, that he obtained *' a considerable quantity of

per manentair " from blood, fat, and various other animal sub-

stances, and more especially from urinary calculi ; Stat. Ess. v. i.

p. 173, 193, {I769.) Scheele's Experiments on Calculus were

published in 1776 ; See Marcet on Calculous Disorders, p. 63.

6 It was from the latter of these philosophers that I received my
first instruction in chemistry, and I cannot mention his name with-

out offering to his memory my grateful tribute of respect and

admiration. His merit as a chemical discoverer of the first order

is so generally acknowledged, that it may appear almost unneces-

sary to enlarge upon it, yet I believe that few persons who liave

not particularly attended to the subject are aware of the fuU extent

of our obligation. Those who are disposed to investigate this

point should peruse his original six volumes of experiments, and
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understood, or the true method of analysis be clearly

comprehended. The experiments of Priestley, in

which he obtained azotic gas by treating animal sub-

stances with nitric acid,^ constituted a very important

advance in our knowledge ; but we must admit that it

was chiefly by the labours of the French, and especially

by those of Fourcroy and BerthoUet,^ that the foun-

dation was laid of the correct information which we at

present possess on this subject. Latterly, indeed, the

Enghsh have had at least an equal share in promoting

compare the information which they contain with the chemical

publications which immediately preceded them. In originality, in

quickness of apprehension, and in diligence, he has probably never

been surpassed ; but I conceive that his judgment was by no means

equal to his genius, for, although we are astonished with the

variety and extent of his discoveries, we are not unfrequently sur-

prized at the futility of his hypotheses and the weakness of the

arguments by which he defends them. As far as I am capable of

forming an opinion, the same character will apply to his other

publications. Of his strictly theological works I do not profess to

judge ; but two of his most elaborate performances, which were

intended for general use, the " Disquisitions," in which he attempts

to identify the phenomena of mind with those of matter, and the

" Letters to a Philosophical Unbeliever," the object of which is to

prove that the credibility of supernatural events rests upon the

same grounds with that of the ordinary operations of nature, while

they abound with ingenious remarks and original conceptions,

appear to me to be both of them founded upon fallacious principles.

7 Priestley's experiments, in which he procured " phlogisticated

air " by the action of nitric acid on animal substances, were pub-

lished in 1775; Experiments on Air, v. ii. p. 145, etseq. (Original

series of six volumes.) Fourcroy says that Berthollet discovered

azote in animal substances in 1784 ; System, v. ix. p. 42.

8 See BerthoUefs Memoirs on the Analysis of Animal Sub-
stances; Mem. Acad, for 1785; also Journ. de Phys. t. xxviii.

p. 272, et t. xxix. p. 389.
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the science of animal chemistry ; I have already had

occasion repeatedly to refer to the labours of Mr.

Hatchett, and, in addition to his name, we may
select those of Wollaston, Pearson, Marcet, Henry,

Prout, Brande, J. Davy, Thomson, and Ure. In

France, those who are at present the most distinguished

in this department are Vauquelin, Gay-Lussac, The-

nard, Chevreul, Proust, and Bouillon la Grange ; and

we must not omit to acknowledge the great obligation

under which we lie to Sweden, formerly in the person

of Scheele, and now in that of Berzelius, whose genius

and assiduity have rendered him almost equally illus-

trious in every branch of chemistry.^

The method at present employed in the examin-

ation of animal substances may be considered as com-

bining three distinct sets of operations. The first

consists in noticing the effect of external agents upon

the substance in question, and observing its sponta-

neous changes ; the second depends upon the appli-

cation of re-agents, which are used either in the way

of tests, to indicate the existence of particular ele-

ments or primary compounds, or as menstrua, which,

by their specific affinities, may separate the elements

or primary compounds from each other ; while the

9 For a sketch of the progress of animal chemistry, see Four-

croy's System, v. ix. p. 33 . . 56 ; and Berzelius's essay expressly on

this subject. It is much to be regretted that these writers should

have entirely omitted to give any particular references to the expe-

riments or opinions which they detail. The late publication of

the Professors Tiedemann and Gmelin on digestion, fully entitle

them to be enumerated among the most successful cultivators of

this department of chemistry.
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third set of operations are to be regarded as, in some

measure, a retm-n to the original plan of destructive

distillation, but with this very essential difference,

that, in the modern analysis, we carefully collect

the gaseous and volatile matter, and by ascertaining

its nature and the amount of its elements, we esti-

mate the nature and amount of the compounds into

which they previously entered as constituents. We
procure, for example, a certain quantity of carbonic

acid gas and of water, and we know the proportion

of carbon, orygen, and hydrogen, which they respect-

ively contain ; the azote remains uncombined and is

collected in the gaseous state, so that we are able to

ascertain the amount and relative proportion of the

elements which entered into the constitution of the

substance analyzed. This method of discovering the

nature of a body, by resolving it into other bodies of

known composition, was first practised, although in

rather a rude manner, by Fourcroy and Vauquelin ; it

was afterwards very much improved by MM. Gay-

Lussac and Thenard, and still more so by Prof. Berze-

lius and Dr. Prout, from whose science and skill it

has an'ived at a very great degree of perfection.^

' For an account of the modem analysis of animal substances,

see Thenard's " Traite," t. iv. ; Children's Translation of the

same, containing much valuable additional matter ; an Essay by

Berzelius, in the 4th and 5th vols, of Annals of Philosophy ; Dr.

Ure's paper in Phil. Trans, for 1822 ; and the various papers of

Dr. Prout, in the Med. Chir. Trans, and the Annals of Philosophy,

and most especially his last paper in the Phil. Trans, for 1827-

VOL. I. 2 r
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§ 2. Nature and Properties of the Blood.

I shall now revert to our more immediate object,

the nature and properties of the blood. After de-

scribing this fluid in its entire state, I shall give an

account of the primary compounds, and proximate

principles, into which it may be separated, either by

its spontaneous changes, or by the application of

re-agents. In the next place I shall notice some

of the alterations that are brought about in the blood

by the natural functions of the system or by the

effects of disease, and I shall conclude by some obser-

vations upon the opinions that have been successively

entertained respecting its various constituents.

Blood, when first drawn from the vessels, is an

adhesive fluid of an homogeneous consistence, of a

specific gravity of about 1-050, in man and the more

perfect animals, of a red colour, of a slightly saline

taste, and, in the human subject, of the temperature

of about 98°. Soon after it leaves the vessels, if it

be suffered to remain at rest, it begins to coagulate

;

and as this process advances, it will be found to sepa-

rate into two distinct parts, so that we at length

obtain a red mass floating in a yellowish fluid : the

red part is called the clot or crassamentum, and the

fluid part the serum. In venous blood, which is

generally employed in these experiments, the average

period of coagulation is said to be about seven minutes.

The proportion of the two constituents has been vari-

ously estimated ; it is not easy to obtain any accurate

result, because the separation is by no means com-
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plete, a portion of the serum always remaining

attached to the clot ; and by attending to the state

of the blood, we find that the proportion varies con-

siderably in different individuals, and even in the

same individual at different times. It has been

stated, as a general average, that the crassamentum

amounts to about one-third of the weight of the

serum, and perhaps this may not be far from the

truth.

As the fluid of warm-blooded animals, when first

drawn from the vessels, possesses a temperature con-^

siderably greater than that of the atmosphere, it has

been made the subject of experimental inquiry, what

is the rate of the cooling of the blood, compared to

that of water raised to the same temperature. The

greater viscidity of the blood must necessarily tend to

retard the escape of heat from it, but, besides this, it

has been conceived that the coagulation of the fibrin,

like other processes in which a fluid is converted into

a solid, should cause the absolute extrication of

caloric. Fourcroy relates an experiment, in which,

during the formation of the clot, the thermometer

rose no less than 11°,^ but as the particulars were not

mentioned, and as the result appeared to be in con-

tradiction to some facts adduced by Hunter,^ and

others, the conclusion was not generally admitted.

Fourcroy's experiment has, however, been confirmed

by some that have been lately performed by Gordon,

in which the effect of coagulation in evolving caloric

* From 20° to 25° R ; Ann. de Chim. t. vii. -p. 147.

J Hunter on the Blood, p. 27-

2! F 2!
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was reiulcrctl most evident, by moving the thermo-

meter, during the formation of the clot, Hrst into the

coagulated, and afterwards into the fluid part of the

blood, when he found that by this means he could

detect a difference of 6°, and that the difference

remained perceptible for 20 minutes after the pro-

cess had commenced. In repeating the experiment

upon blood, drawn from a person labouring under

inflammatory fever, the rise of the thermometer

was no less than 12°.^ I conceive, therefore, that this

point may be considered as established, that during

the coagulation of fibrin a quantity of caloric is

extricated, thus proving that fibrin has a less capa-

city for heat in its coagulated than in its uncoagu-

lated state.

§ 3. Fibrin.

The crassamentum, when removed from the serum,

generally appears under the form of a soft solid, of

such consistence as to bear cutting with a knife : it

frequently assumes a fibrous appearance, and when it

has been coagulated under particular circumstances,

it may be converted into an irregular net-work, con-

sisting altogether of fibres, of a greater or less degree

of fineness^ according to the manner in which the

process has been conducted. The best method of

exhibiting this fibrous appearance is to stir the blood,

as it flows from the vessel, with a bunch of twigs, or

to receive it into a bottle, and shake it during its

coagulation, but it must be observed, that if the

motion be too considerable, the clot is altogether pre-

4 Annals of Philosophy, v. iv. p. 139-
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vented from formirg. The coagulum which lias been

produced in the usual manner, while the blood is at

rest, may also be deprived of its red colour by repeated

ablution in water, thus showing that the colouring

matter is only mechanically mixed with the fibrin, and

not retained there by any chemical affinity. When
the fibrin is thus procured in a pure state, it is found

to be a solid of considerable consistence, elastic and

tenacious, and in its general aspect, as well as in its

chemical relations, very similar to the pure muscular

fibre, although we have reason to suppose that it dif-

fers from it in its minute organization. It has been

designated by several names, as coagulable lymph,

gluten, fibre of the blood, and fibrin ; this last appel-

lation was given to it by the French chemists, and

will be adopted in this work, as being the most cha-

racteristic and appropriate.

It is obviously upon the fibrin that the formation

and separation of the clot depends, thus producing

what has been termed the spontaneous coagulation of

the blood, in opposition to the other kinds of coagu-

lation, which are effected by the application of

heat, or of some chemical re-agent. A change so

singular in its nature could not but excite great

attention among physiologists, and numerous observa-

tions and experiments have been made to account for

its occurrence, or to discover what circumstances

tended to promote or retard it. The two most obvi-

ous circumstances which might be supposed to operate,

as constituting the chief difference between the con-
dition of the blood while in the vessels, and after it
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is discharged from them, are rest and exposure to air.

I have already alluded to the effect of agitating the

blood ; it is well known that if the fluid, as it is

discharged from the vessels, be briskly stirred about

for some time, the process of coagulation is entirely

prevented from taking place, either in consequence of

a more complete union of its parts with each other,

which prevents their future separation, or from the

fibrin, after it has been for some time discharged

from the blood, losing this peculiar property, by which

its particles are attracted together. It is probable

that both these causes may operate, but I am not

acquainted with any facts which can enable us to

determine which of them has the most powerful

effect.

With respect to the influence of air upon the

spontaneous coagulation of the blood, we have not

yet arrived at any very positive conclusion. Many

experiments were performed on this subject by Hew-

son, and although they are not sufficiently decisive,

nor always uniform in their results, yet they lead to

the opinion, that the presence of air promotes coagu-

lation.^ Hunter opposed the doctrine of Hewson,^

but his experiments and arguments go no further

than to show, that air is not essential to the process

;

a point which was fully admitted by Hewson, and

which follows immediately from his experiments.

This circumstance is proved by the fact, that coagu-

lation not unfrequently takes place in the vessels or

cavities of the body, where the blood must be com-

s Experimental Enqui ies, p. 20. ^ Qn the Blood, p. 22.
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pletely excluded from the air ; and indeed this

change has been found to exist, to a certain degree,

during life, as the polypous concretions that are occa-

sionally found in different cavities of the body, and

which, from the previous symptoms, as well as from

their appearance and texture, must, at least in so;ne

cases, have existed before death, are chiefly composed

of fibrin. Many of the wonderful stories that are

recorded, and sometimes on very good authority^ of

worms being found in the chambers of the heart, tbe

arch of the aorta, the sinuses of the brain, or the

large veins, must be explained upon the supposition,

that the spectators have been deceived by portions of

coagulated fibrin, in the form of long strings, pos-

sessing somewhat of the shape and form of worms,

to which a lively imagination and fondness for the

marvellous have added the other properties of these

animals.

Besides the action of the atmosphere generally on

the coagulation of the fibrin, experiments have been

made upon the effect of its constituent parts taken

separately, and also of other gases; but although

the examination has been pursued with considerable

diligence, the results are not so decisive as might

perhaps have been expected. It must, however, be

confessed, that in performing experiments of this

kind, much manual dexterity is requisite, and that

there are a variety of circumstances connected with

the state of the atmosphere itself, the manner in

which the blood flows from the body, the kind of

vessel in which it is received, the temperature and
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other conditions of the gas in question, and the

manner in which it is brought into contact with the

blood, all of which may produce a notable difference

in the result. We find, therefore, that although

some respectable authors would lead us to suppose

that oxygen retards the progress of coagulation, and

that it is promoted by carbonic acid and some other

of the unrespirable gases, yet we are informed by Sir

H. Davy, that he could not perceive any difference in

the period of the coagulation of venous blood when

it was exposed to azote, to nitrous gas, to oxygen, to

nitrous oxide, to carbonic acid, to hydro-carbon, or

to atmospheric air.^

I have mentioned above that the spontaneous

coagulation of the fibrin is prevented by sufficient

agitation, and the same effect is produced by the

addition of certain neutral salts. Hewson, to

whom we are principally indebted for these facts,

found that the sulphate and muriate of soda and

the nitrate of potash were among the most

powerful salts in this respect, so much so, that if we

add to a portion of blood rather less than one-twen-

tieth of its weight of any one of them, the coagula-

tion does not take place. On what this depends we

are entirely ignorant ; it would not appear to be upon

any tendency in the salt employed to dissolve the

fibrin, because the neutral salts do not possess this

property, at the same time that potash, which is the

proper solvent of fibrin, has less power in retarding

7 Researches on Nitrous Oxide, p. 380.
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its coagulation. Besides the neutral salts, the mere

dilution of blood with a sufficient quantity of water

will effectually prevent its spontaneous coagulation.

We are informed by Crawford, that when blood is

mixed with twelve times its bulk of water, no coagu-

lation was observed to take place for several hours,*' an

effect which may perhaps be explained merely by the

particles being removed to so great a distance from

each other, as to be placed beyond the reach of their

mutual attraction.

Among the changes which attend the coagulation

of the fibrin, I may remark that its specific gravity

is said to be increased by this process ; but this is a

point which it must be difficult to ascertain, in conse-

quence of the serum and the red globules which are

always mixed with the clot, besides that the firmness

of the clot, and consequently its specific gravity, differ

very much in different cases. Haller, as it would

appear upon the authority of Jurin, states that the

specific gravity of the crassamentum is 1*126,^ the

serum being only 1-030 but the fact which was long

since observed by Boyle, that the crassamentum floats

in the serum, so as to preserve the surface of the two

nearly on a level, would seem to show that they can-

not differ much in their specific gravity.

Much has been written about what is termed the

halitus of the blood, or the vapour which arises from

it when it is first drawn from the body. Plenk,

who has paid the most attention to it, calls it o-as

* On Animal Heat, p. 278. 9 El. Phys. v. 2. 'i. ' v. 3, l.



442 Cause of Cuagulalion.

animale sanguinis ; he conceives it to be composed of

hydrogen and carbon, and that it produces many

important effects in the animal oeconomy.'^ But I

beUeve that this opinion is altogether unfounded, as

the halitus is nothing more than the aqueous vapour,

which necessarily arises from a fluid considerably

warmer than the air in contact with it, and which,

during its evaporation, carries up a very minute

quantity of animal, and perhaps even of saline

matter.^

The cause of the coagulation of the fibrin has never

been satisfactorily explained : it is a phenomenon

which does not exactly resemble any other with which

yve are acquainted, and the operation of external

agents upon it is not so well marked, as to enable us

to refer it to any general operation ofthe physical pro-

perties of matter. What renders the subject more

difficult is, that there are some circumstances which

affect the coagulation of blood in a manner that

we are quite unable to explain. Many causes of sud-

den death have this effect ;
lightning and electricity

;

a blow upon the stomach, or injury to the brain ; the

bites of venomous animals, such as the viper and the

rattle-snake ; some acrid vegetable poisons, as laurel-

water; also excessive exercise, and even violent mental

emotions, when they produce the sudden extinction of

life, prevent the usual coagulation of the blood from

taking place.*

A singular coincidence has been observed in these

a Hydrologia, p. 42. 3 Fourcroy, Syst. v. ix. p. 185.

4 Hunter on the Blood, p. 26.
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cases between the want of coagulability in the fibrin

of the blood, and the diminution of contractility in

the muscles after death. They are all found in a state

of relaxation, incapable of being excited by the

accustomed stimuli ; and it has been further observed

that the body is disposed to run rapidly into the state

of decomposition. These facts appear to identify, at

least to a certain degree, the property of muscular

contraction with that of the coagulation of the fibrin,

and this identity is further supported by considering

that the chemical composition of fibrin is similar to

that of muscle. For the knowledge of this relation

between the coagulation of the blood and the con-

traction of the muscles we are principally indebted to

Hunter, who noticed it with much attention, and

built upon it some of his favourite physiological spe-

culations. It is indeed probable that we may trace

to this source his celebrated hypothesis of the life of

the blood, a doctrine which is founded upon the prin-

ciple that a fluid is capable of organization, and that

it may possess functions either identical with, or very

similar to, those which are the most characteristic of the

living animal solid. According to this hypothesis the

blood is supposed not merely to be the substance which

gives life to the animal, by carrying to all parts what

is necessary for their support and preservation, but

that it is properly itself an organized living body, and
even the peculiar seat in which the vitality of the

whole system resides.^ The question of the life of

the blood cannot be fully examined, until we are

s Hunter on the Blood, p. 76.
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further advanced in our view of the animal oeconomy,

and especially, until I have endeavoured to define the

manner in which the term life ought to be employed.

But I may remark, that even were the Hunterian

doctrine of the life of the blood to be fully esta-

blished, it would not offer any explanation of the

cause of its coagulation ; for the same difficulty still

remains, in what manner the presence of life operates

so as to produce either the coagulation of the blood

or the contraction of the muscles.

Perhaps the most obvious and consistent view of the

subject is that the fibrin has a natural disposition to

assume the solid form, when no circumstance prevents

it from exercising this inherent tendency. As it is

gradually added to the blood, particle by particle, while

this fluid is in a state of agitation in the vessels, it

has no opportunity of concreting ; but when it is suf-

fered to lie at rest, either within or without the ves-

sels, it is then able to exercise its natural tendency.

In this respect the coagulation of the fibrin of the

blood is very analogous to the formation of organized

solids in general, which only exercise their property

of concreting or coalescing under certain circum-

stances, and when those causes, either chemical or

mechanical, which would tend to prevent the operation,

are not in action. Upon this principle we shall be

induced to regard the coagulation of the blood as

analogous rather to the operation by which the

muscular fibre is originally formed, than to that by

which its contractile power is afterwards occasionally

called into action ; for, notwithstanding the relations
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pointed out by Hunter, we shall find that the opera-

tions are essentially different in two very important

particulars, in the causes which produce them, and

in the subsequent state of the parts. The causes of

muscular contraction, as we have already had occasion

to observe, are exclusively stimulants of various kinds,

but it does not appear that any one of these, numerous

and various as they are, has the smallest effect in pro-

moting the coagulation of the blood. With respect

to the subsequent state of the parts, in the muscle

contraction is always succeeded by relaxation, whereas

nothing at all resembling this ever occurs in the

blood; the fibrin,when once formed, remains unchanged

as long as it retains its chemical composition. Upon

the whole, therefore, although we must acknowledge

the validity of the facts pointed out by Hunter, we

are at present scarcely prepared to form them into a

consistent theory ; and we must content ourselves with

the simple statement, that the fibrin of the blood

and the muscular fibre possess, the former the pro-

perty of coagulation, and the latter that of contrac-

tion, which are acted upon in the same manner by

various circumstances, although we are not able, in

these cases, to perceive the relation of cause and

effect.^

^ Upon the same principle which induced me to notice John

Hunter's hypothesis of the action of the heart, I shall quote his

opinion respecting the coagulation of the blood. "My opinion is

that it coagulates from an impression : that is, its fluidity under

such circumstances being improper, or no longer necessary, it

coagulates to answer now the necessary purpose of solidity." On
the Blood, p. 25.
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Before I dismiss the subject of the coagulation of

the fibrin, I must advert to a circumstance which is

of great importance in the practice of medicine, that

the nature and appearance of the coagulum vary very

much according to the state of tlie body at the time

when the blood is drawn. The most important of

these variations consists in what is called the size, or

buffy coat of the blood, a term employed to denote

that state of the crassamentum, when the upper

part of it contains no red particles, but exhibits a

layer of a buff-coloured substance, lying on the top of

the red clot. This buffy coat is generally formed

when the system is labouring under inflammatory

fever, and when according to the modern doctrines of

pathology, there is supposed to be an increased action

of the arteries. The immediate cause of this appear-

ance in the crassamentum is obvious ; the globules,

or other matter which gives it the red colour, begin to

subside before the coagulation is completed, so that

the upper part of the clot is left without them. The

remote cause of the buffy coat is not yet ascertained,

although many experiments have been made to dis-

cover it. Hewson thought that the fibrin became

specifically lighter, and, of course, the red particles

comparatively heavier, whence they would be disposed

to sink to the lower part of the clot ; he also thought

that the blood coagulated more slowly.^ Hunter was

inclined to account for the appearance by the firmer

coagulation of the fibrin, as it were, squeezing out the

red particles : but this would scarcely explain why the

7 Experimental Enquiries, p. 39. 59, et alibi.
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upper part of the clot alone is left without them.

Hey's opinion is perhaps better founded, that by the

increased action of the vessels the different consti-

tuents of the blood are more intimately mixed toge-

ther,® while Dr. Davy opposes the opinion of Hewson

as to the fact of the slower coagulation of inflamed

blood. ^ From some experiments that were performed

on the composition of the huffy coat by Mr. Dowler,

it appears that it contains a very large proportion of

serum,^ and this, by diminishing its viscidity, will

more readily allow of the subsidence of the red parti-

cles. It is, however, not improbable that Hunter's

opinion is in part correct, for we find that the clot of

inflamed blood obviously possesses a firmer texture

than in its ordinary state, so that sometimes, in con-

sequence of the contraction of the clot, after it has

begun to form, the surface has a depression in the

centre, forming what is called the cupped state of the

coagulum. And here we have another analogy

between the blood and the muscles ; for there are

several circumstances which lead us to conclude,

that the force of muscular contraction through

the system generally is increased in inflammatory

fever.^

9 Observations on the Blood, p. 10, 19, et alibi.

» Phil. Trans, for 1822, p. 271.

a Med. Chir. Trans, v. xii. p. 9I. Hewson conceived that the

buffy coat is composed of fibrin, but that in inflammation the fibrin

acquires a thinner consistence, p. 34, 45, et alibi.

3 It maynot be uninteresting to peruse the account which Syden-
ham gives of the buffy coat of the crassamentum of the blood in

pleurisy
; his observations will be commonly found to be correct,

although his hypotheses are too often fallacious ; Observ. circa
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It is probably upon the fibiin that the property

which the blood possesses of ? repairing* 'the injuries ^6f

the V solids principally depends, a property wliich

affords us one of the most interesting examples of the

resources of the animal oeconomy, while, at the same

time, it very forcibly illustrates the slow progress of

medical information, when the mind has once received

a» impulse in a wrong direction. Every one who is

acquainted with the history of surgery is acquainted

with the sympathetic powder, which, about the middle

of the seventeenth century, engaged the notice and

received the sanction of the most learned men of the

*ge>r' This celebrated remedy derived its virtues not

from its composition, but from the mode of its appli-

cation, for it was not to be applied to the wound, but

to the weapon by which the wound was inflicted ; the

wound was ordered to be merely closed up, and was

taken no further care o£^ Most men of sense, indeed,

ridiculed the proposal, but after being fully tried, it

was found that the sympathetic mode of treating

wounds was more successful than those plans which

proceeded upon what are considered scientific princi^

pies ; and it continued to gain ground in the public

estimation, until at length some innovator ventured

to try the experiment of closing up the wound with-

MoirH/'Acat. Hist. § 6. c. 3. 'For an account of the recent ob-

servations and experiments of Drs. Stoker and Scudamore and Mr.

Thackray, oji the coagulation of the fibrin,, s^q Appen. to ciap. ii.-

in vol. iii. p 407. .
1-

* See " A late Discourse, &c." by Sir K. Digby, a treatise

which admiraWy exemplifies the mode of pliilosophizing that was

fashionable in the earlier part of the seventeenth century.
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out applying the sympathetic powder to the sword.

Wiseman, who wrote about fifty or sixty years after

the introduction of this mysterious operation by Sir

Kenelm Digby, in describing the importance of keep-

ing the divided parts in close union, says, " for here

nature will truly act her part, by the application of

blood and nourishment to both sides indifferently,

and finish the coalitus without your further assist-

ance. And this is that which gives such credit to

sympathetic powder.*' *

Although we are now well acquainted with the

general facts respecting the re-union of divided parts,

yet there is much obscurity concerning the exact

mode of the operation. We find that when two

newly cut surfaces, which were not previously con-

nected, are laid in close apposition, and the air care-

fully excluded, they will unite, and when the opera-

tion is performed under favourable circumstances, the

trace of the wound is scarcely perceptible, either in

the structure or functions of the part. What will

appear more wonderful is, that parts of different

structures are capable of contracting this close union,

the arteries, veins, and even the nerves, becoming

connected, each to each ; and to add still further to

the marvellous aspect of these operations, we cannot

avoid giving our assent to the fact, that portions of

the body, which had been entirely cut off, or even of

a different body, if speedily applied to a recently

divided surface, will unite and retain their functions.*

s Chir. Treat, b. 5. c. 1. p, 342.

^ J
.
Hunter caused the spurs of a young cock to adhere to th«

VOL. I. 2 G
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Although, ill a great majority of iustauccs, we shall

find ourselves in the right, if we disbelieve the

wonderful tales that we find in the works of the older

writers, yet our scepticism may be carried too far

;

and accordingly it is now admitted, that the opera-

tions of Taliacotius, or 1'agliacozzi, a name which

could not until lately be admitted into a serious discu^r

sion, were founded upon correct principles. It appears,

indeed, that a process of an analogous nature had beeA

long practised in India, and has been introduced into

this country, with complete success, by Mr. Carpue^/r

As I have already stated, we have reason to believ,^

that the fibrin is the intermedium by which the prpr

cess is eflPected, yet I confess that I know of,
fl,^

rational method in which we can explain the succe^

sive steps of the operation. We may, indeed, cq^^

ceive of the divided end of an artery, which belong^

to the cut surface nearest the heart, discharging

portion of its fibrin, which may coagulate and for^^

a basis, or nidus, as it has been termed, througlji,

which the current of blood may afterwards form

new channel ; but in what way this stream is to dii^T^

cover the ends of the arteries of the other surface, by

what power it is to enter them, how these insulated

comb of another cock, and the testicles were found to become

united to the internal cavities of other animals. He remarks,

" The most extraordinary of all the circumstances respecting

union, is by removing a part of one body and afterwards uniting

it to some other part of another, where, on one side, there can be

no assistance given to the union, as the divided or separated part

is hardly able to dg more than pi'eserve its own living principle,

and accept of the union." Treatise on the Blood, p. 208.
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parts are to propel their blood into the veins, and

lastly, how the veins of the divided part are to trans-

mit their contents into the veins of the body, are

questions that at present, I apprehend, we are not

able to answer^

A curious series of facts relative to the coagulation

of the blood, and to the mode in which portions of

coagulum acquire an organized structure, has been

lately brought forward by Sir Everard Home, prin-

cipally derived from the microscopical observations of

Mr. Bauer. It is stated that a quantity of carbonic

acid, is always present in the blood, that, during its

coagulation, this acid is extricated, and that by its

extrication it forms linear passages or tubes in the sub-

stance of the blood, into which the vessels of contigu-

ous parts are elongated, and which become the rudi-

ments of the future arteries. It would appear that

the serum is the nidus in which these tube^* aPd

formied, as they are said to be altogether indepeiid'diit

of the globules, which are supposed to be the more

immediate constituents of the fibrin. It is not ex-

pressly stated whether the tubes are themselves con-

verted into blood-vessels, or whether they only afford

spaces in which vessels are formed, nor does it seem

7 It may be amusing so observe the uses which are ascribed to

the crassamentum of the blood by Plenk, a writer of extensive

information and general accuracy. The uses that he points out

are three ; 1. (to employ his own words) " sanguini ruborem con-

ciliat;" 2. by the gravity of its metallic ingredients, it irritates

the heart and arteries more effectually than the lighter particles of

serum ; 3. at the same time it imparts motion to the lighter par-

ticles of the serum.

2g 21
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quite clear what connexiou the spontaneous coagMa-

lation of the fibrin has with the production of the tubes.

Without calling in question the accuracy of Mr.

Bauer's observations, it may be remarked, concerning

the hypothesis that is deduced from them, that the

formation of regular tubes could not be the result of

the extrication of gas in a viscid fluid, the formation

of the tubes must therefore be the result of a tendency

in the fluid in question to assume an organic arrange-

ment. The observations of Mr. Bauer are valuable,

as showing the mechanical structure which the blood

exhibits, during the process by which it becomes

organized, but, I apprehend, they throw no further

light upon the operation.^ We cannot be surprised

that so subtile a property as that by which the blood

is enabled to acquire an organic arrangement should

be destroyed by its being subjected to the action of

tjbe air-pump.^
.

With respect to the chemical properties of fibrin

« Phil. Trans, for 1818, p. 181, et seq. ; for 1820, p. 2.

9 Since the above was written Dr. Davy has published the result

of some experiments on the subject, from which, as well as from

other considerations, he concludes that Sir Everard Home's hypo-

thesis is so far unfounded as respects the existence of carbonic acid

in the blood. Dr. Davy remarks, that the gas observed by Mr.

Bauer, is probably azote, implying his belief that gas of some kind

or other is contained in the blood. His experiments would, indeed,

lead to the opinion, that there is no gas in recent blood ; Phil.

Trans, for 1823, p. 506. But, on the contrary, the existence of

carbonic acid in blood, or at least the fact that carbonic acid may

be disengaged from blood, by merely remoWng the atmospheric

pressure, seems to be established by Vogel, Ann. Phil. v. vii. p, 57

;

and by Mr. Brande, Phil. Trans, for 1818, p. 181.
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it is sufficient to remark, that they appear exactly to

resemble those of the muscular fibre ; it is acted upon

in the same manner by nitric acid and the other re-

agents'i so as to be fully entitled to the appellation of

liquid flesh, which was bestowed upon it.bjr the older

physiologists. For the first correct account 'of the

chemical relations of fibrin we are indebted to Four-

croy, Vauquelin, and Berthollet ; it has been lately

examined by Berzelius, whose experiments may be

regarded as the most correct that we possess upon the

subject.^

§ 4. Hed Particles.

After having described the fibrin, I proceed to the

other constituent of the crassamentum, the red par-

ticles or globules.^ These, from the singularity of

their appearance and organization, have attracted an

unusual share of attention, and have been the sub-

ject of almost innumerable observations and experi-

^'inents. Soon after the microscope was introduced

into anatomical researches, these peculiar bodies were

^^observed by Malpighi, and they were afterwards

"^ore minutely examined by Leeuwenhoek. They

*^Were at first described simply as globules floating in

^ithe serum, and giving the blood its red colour, but

as observations were multiplied, errors and absurdi-

? ties were advanced in an almost equal proportion.

in dDh;;Med. Chir. Trans, v. iii. p. 200.

5f£m^) I have retained the ordinary description of the clot, as com-

- nposed of fibrin and the red globules, although some late experi-

rments, of which an account is given below, throw a degree of

doubt upon its' accuracy.
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Leeuweiihoek himself invented a fanciful hypothesis,

which had a long and powerful influence over the

most enlightened physiologists, that the red particles

of the blood were composed of a series of globular

bodies descending in regular gradations ; each of the

red particles was supposed to be made up of six par-

ticles of serum, a particle of serum of six particles of

lymph, &c.^ This hypothesis, for which there really

does not appear to be the slightest foundation, was so

suited to the mechanical genius of the age, that it

was generally adopted without any examination of

its truth, received as the basis of many learned spe-

culations in that and the succeeding age, and even

formed a leading feature in the pathological specula-

tions of Boerhaave. The futility of the doctrine

Was exposed by Lancisi and Senac, but it still main-

tained its ground until the time of Haller. When
objects can only be detected by highly magnifying

lenses, it is so extremely difficult to avoid being

misled by ocular deceptions, that all descriptions of

this kind are to be received with the greatest caution.

The necessity of this caution is sufficiently proved by

the discordant accounts, respecting the red globules of

the blood, that have been given by different observers,

3 For an account of Leeuwenhoek's supposed discoveries respect-

ing the constitution of the globules^ see Martine, in Ed. Med.

Ess. V. ii. p. 74, &c. ; the whole of this Essay is well worth

perusing, as a curious specimen of the mode of prosecuting physi-

ological inquiries, that was pursued by the learned mathematicians

about a century ago. The earliest of Leeuwenhoek's papers ap-

pears to be in the Phil. Trans, for 1674, No. 23.
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who could have no apparent motive for intentionally

imposing upon their readers.

Next to the observations of Leuwenhoek, those of

Hewson were the most elaborate, and had at least

the appearance of great accuracy. He describes the

red particles as consisting of a solid centre, sur-

rounded by a vesicle filled with a fluid. He informs

us, that by adding water to them they swell out, the

surrounding vesicle becomes thinner, and at length

bursts, and leaves no trace behind ; the whole sub-

stance of the particles is soluble in water, and

imparts it to their red colour. It appears also that

those animals which have white or rather colourless

blood, possess particles which are supposed to be

similar in their general form and organization to

those of the red-blooded animals ; we are likewise

informed that they are of different sizes in different

animals, and that their size bears no ratio to that of

the animal from which they are taken, as, for example,

they are said to be of the same size in the ox and the

mouse, larger in birds, and to be the largest in the

skate ; in birds, amphibia, and in insects, they are

elliptical, but, excepting in their form, they resemble

those of the human subject. We have an account of

some singular changes that are produced upon their

colour and form by various chemical re-agents, espe-

cially by some saline bodies. Alkalies and acids,

when moderately strong, first corrugate the vesicle,

and afterwards seem to dissolve or decompose the

whole of the globules ; nitre has the property of con-

siderably heightening the colour, so as to convert it
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to a briglit red, while, on the contrary, there arc

some other substances by which their colour is de-

stroyed without changing their form.''

Hunter, who made many observations on these

bodies, differs essentially in his account of them from

Hewson. He is silent respecting the central nucleus

and the investing vesicle ; there are some animals in

which he could not discover any globules, as the silk-

worm and the lobster, and he never observed them^

in any case, to assume the elliptical form, described

by Hewson. He does not regard them as properly

solid bodies, but as liquids possessing a central

attraction, which determines their figure ; a circum-

stance that might identify them with substances of

an oily nature, were it not stated, on the other hand,

that the globules are miscible with water, and thafc

they always preserve the same size, and are ney^ij

disposed to run together or coalesce.^ t

The globules of the blood have been also examined

by the Abbe Torre, by Monro, and more lately by

Dr. Young, Torre supposed them to be flattened

annular l^odi^s^ ,or like rings composed of a number?

4 PhU. Trans, for 1773, p. 303, et seq. Tab. 12. Also Ex^f/^^

Enq. V. iii. ch. 1.

5 On the Blood, p. 40, et seq. Mr. Bauer, however, found

that when the investing vesicle is removed, the nuclei are disposed

to unite together, and upon this property tlie formation of the

muscular fibre depends; Phil. Trans, for 1818, p. 176. MM.

Prevost and Dumas, in like manner, suppose that the crassamen-

tum of the blood, in the act of its spontaneous coagulation, is

formed by the central globules adhering together in the form of

fibres ; Ann. Chim. et Phys. t. xxiii. p. 51

.
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of separate parts cemented together to Moiifb they

exlnbit(?d the appearance of circular flattened bodies

like coins with a dark spot in the centre, which he

conceived was not owing to a perforation, as Torre

had iiriagined, but only to a depression.^ Some
remarks were published oil the subject by Cavalio,

who conceived that all these appearances were decep-

tive, depending upon the peculiar modification of

the rays of light, as affected by the form of the par-

ticle, and he concludes that they are in fact simple

spheres.^ But the account which Dr. Young has

recently given of these bodies, to a certain extent;

coincides with the description ofHewson. He remarks

that if the globules be viewed by a strong light, they

will appear like simple transparent spheres, but that

if^e
'
examine them by a confined and diversified

light,' \^e shall be better able to ascertain their real

figure and structure. The particles of the blood of

the skate, from their size and distinctness, are the

most proper for this kind of examination, and he
found their form to be like that of an almond, hui

less pointed and a little flattened
; they consist of an

external envelope containing a central nucleus. This
nucleus is independent of the substance with which

6 Phil. Trans, for 1765, p. 252, et seq.

7 We must not omit noticing the result of Prof. Amici's
examination of the globules, as given us in the Edin. Med. and
Surg. Joum. vol. xv. p. ^20. It may afford curious matter for

speculation to those who place much confidence in microscopical

observations ; it is, however, proper to observe that the state-

ment does come directly from the author liimself.

" Medical Properties of Factitious Airs, p. 237, ct seq.
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it is surrounded, for when this latter has been removed

or destroyed, the nucleus still appears to retain its

original form. The nucleus is much smaller than

the part surrounding it, being only about one-third

the length and one half the breadth of the whole par-i

tide. We are informed that the entire particle of

the human blood is not larger than the central part

of the particle of the skate. Dr. Young found that

the particle in the human subject is flattened, and

has a depression in the centre, somewhat as was

described by Monro, but much less in degree.^

There has been as much difference ofopinion respecfe-j

ing the size, as the form of these particles. Without

recurring to the older and less correct observations, it

may be sufficient to give those of Dr. Young, Captain

Kater, and Mr. Bauer; Dr. Young ^ and Captaiit'

Kater ^ both agree that the particles of the human

blood are between ^oVo and -g-oW an inch in dia*.

meter, or taking the medium, -j-o-k-o of an inch. Mr4

Bauer supposes them to be considerably larger ; in

their entire state he estimates them at -rrW of an

inch, and even when they have lost their external

part, the nucleus is said to be -g-oVo- of an inch in

diamer ;^ it is not stated whether the observation&

of Dr. Young and Captain Kater were made upon

the entire globule, or upon the central part only.

9 Med Liter, p. 545. Mr. Bauer has observed that the form of

the globules of the skate is oval during the life of the animal, but

becomes flattened after its death ; this circumstance may perhaps,

in some measure, tend to reconcile the discordant statements that

we meet with on this subject ; Phil. Trans, for 1818, p. 174.

' Med. Liter, p. 555. * Pliil. Trans, for 1818, p. 187-

3 Phil. Trans, for 1818, p. 173.
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Tliese estimates unfortunately differ so much from

each other as to throw a considerable doubt upon

their correctness ; but upon the whole, I feel disposed

to assent to the statements of Dr. Young and Captain

Kater, from their coincidencewith each other, although

made with a different kind of apparatus/

The composition and chemical properties of these

bodies still remain the subject of controversy, for

although they have engaged the attention of some of

the most acute of the modem chemists, the results

which they have obtained are so discordant, that we
cannot deduce any consistent or decided conclusion

from them. This, in some measure, depends upon

the difficulty which there is in procuring them in a

separate state; there appears to be no method of

detaching them from the serum in which they are

enveloped, without at the same time dissolving at

least their external covering, and perhaps affecting

the consistence of the whole. The experiments of

Berzelius are the most elaborate, and probably those

on which we ought to place the most confidence ; but

B 'think it may be objected to them, that according to

the method which he adopted, the external part of

the' globule would be removed, while the nucleus

would be necessarily mixed with some of the other

ingredients of the blood. His result is, that these

particles do not materially differ from the other parts

4 Cavallo states that the particles varied in size, the larger being
.0003 and the smaUer .0004 of an inch in diameter, p. 249- For
an account of the recent microscopical observations of Dr. Hodgkin,
see Appen. to chap. 6. in vol. iii. p, 402. . 4.
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of the blood, except in their colour, and in the cir-

cumstance of a quantity of the red oxide of iron being

found among their ashes after combustion.^ ^ hnz noif

)7fThe discovery of iron in the blood appears to have

been originally made by Menghini,^ and has been

'*^s' Med. Chir. Trans, v. iii. p. 212, et seq. See Appendix, v.' m.

p. 406.

6 Menghini's Memoir (Bonon. Comment, t. ii. pars 2, p. 244,

et sec[.) gives an account of a prodigious number of experiments

which he performed on the blood of various animals, as well as

other animal substances. Most of the experiments are related

only in a summary manner, but some of them are detailed with

more minuteness. In the first series he used five ounces (2400

;grains) of the blood of a dog, and by calcination he obtained 24

grains of residuum, to which he applied a magnet, and found very

nearly the whole to be attracted by it. The calx consisted of two

kinds of particles ; the one, " splendidiores," which were the most

easily iattracted; the other, '^colore ad crocum martis vergentes,"

also magnetic, but less so than the former, p. 245, 246, As the

, Bolonese Commentaries may not be accessible to every one, I shall

^transcribe an experiment that was made upon human blood,

" Humani enim sanguinis globulos unius libr© vehementissimo

Igne dimidiam horam vexavimus : vexatos ebullire primum ali-

quantisper, turn ex improviso flammulam emittere conspeximus.

Erat hsec cserulea ad instar earum rerum sulphurearum, quae soKtae

sunt adhiberi ad transmutandum ferrum in chalybem. Metus fuit

ne emissa flammula, cum materiam omnem absumeret, curiositatem

quoque nostram eluderet. Quapropter subsidentem in vase mate-

riem illico supra porphyritem Lellius efludit, Haec granorum 28

ponderis inventa est. Hanc postea cum supra eburneum planum

extendissem, in grandiuscula quaedam coi-pora, inter quae unura

eminuit figura subrotundum, magnitudine ceteris praecellens, gra-

num parvuli ciceris adaequans, ofiendi. Periclitari hinc, volui an

ad cultrum magneticum omnia accederen t ; accesserunt autera super

ea velocitate, qua solet ferrum purissimum. Porro corpusculum

illud, quo ceteris magnitudine pr«stabat, (Jiscissum ct fractura
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fully confirmed by late observers, although they have

differed very much both concerning the amount of the

iron and the state in which it exists. Menghini him-

selfj and some of the earlier chemists, seem to have

very mnch over-rated it ;
Fourcroy's account does not

enable us to ascertain the quantity of it in the blood

with any degree of accuracy,^ but we are informed by

Berzelius, that the colouring matter of the blood,

separated from the other part, leaves one-eightieth

of an incombustible residuum, of which rather more

than one-half is an oxide of iron.^

()f. We have hitherto been unable to ascertain in what

state this iron exists ; it would appear not to be in

the form of any of tlie known salts of this metal,

because, before the blood has been calcined, we cannot

detect the iron by the tests which usually indicate its

presence, yet its solubility in the serum, on the other

hand, would seem to favour the opinion of its possess-

itig something analogous to the saline state. Berzelius

lias performed many experiments on this point, but

intus cavum, nitentibuslineis distinctum, figura, duritie, et colore

'ixLicunque similliraum fusco ferro, mediocris ientis auxilio cognb-

'HrlmuS." p. 260, 261. On this subject it will only be necessary to

^tfeiark that Menghini's paper affords one instance out of many

"'ijt&fers; written at that period, where we may be assured that the

^faBts" as stated cannot be true, yet where it is not easy to assign the

of fallacy, or to determine in what degree the experimentalist

*"{^ik Kfinself deceived or wished to deceive others. Plenk, Hydrol.

^ji; 38, says that Rhades discovered the iron in the blood. In 25

poutids of blood, the average quantity in a man, he found two

drachms of oxide of iron. Vauquelin says that Lemery discovered

it ; Ann. Chim. et Phys. t. i. p. 9.

- f System, t. ix. p. 207- " Med. Chir. Trans, v. iii. p. 215.
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his conclusion is merely a negative one, that he has

been unable to combine the serum with any salt of

iron, so as to produce a compound similar to the

colouring matter of the blood.^ i gfdj lo

The existence of iron in the globules of the blood

is, however, clearly proved ; whatever difficulty there

may be in determining the state in which it exists,

and from the property which iron possesses of colour-

ing the substances with which it is united, it has

generally been supposed that the iron gives the blood

its red colour. We are not, I apprehend, in possession

of any facts by which this opinion can be either deci-

sively proved or disproved, but I think it may be

admitted as a probable presumption. It has indeed

been opposed by some writers of high authority ; of

these one of the first, both in point of time and of

respectability, is Wells.^ But his experiments seem'

to me only to prove that the colour of the blood is not

occasioned by any salt of iron, or of iron in such a

state as to be affected by the ordinary tests, which

is admitted to be the case. Mr. Brande has also

attempted to prove that the colour of the blood does

not depend upon iron,^ because he found the indi-

cations of the presence of iron to be as considerable

in the parts of the blood that are without colour aS

in the globules themselves ; and indeed his results

9 Med. Cliir. Trans, v. iii. p. 221. Fourcroy and A^auquelin

announced as the result of direct experiment, that the iron of the

blood was in the state of sub-phosphate, but Vauquelin has since

retracted this opinion ; Fourcroy's System, v. ix. p. 207* 208.

J Phil. Trans, for 1797, p. 416, et seq.

a Phil, Trans, for 1812, p. 90, ct seq.



Vauquelin's Experiments. 463

would rather tend to prove that the quantity of iron in

the blood is too minute to produce any efFect in it, than

to explain its action on the different component parts

of this fluid. But with respect to the quantity of

iron, I may remark that they are at variance with the

later and apparently more elaborate experiments of

Berzelius.

A series of experiments have been lately performed

ou the colouring matter of the blood by M. Vauque-

lin, which he regards as confirming the conclusion of

Mr. Brande. They consisted in digesting the cras-

samentum in diluted sulphuric acid, which dissolves a

.

portion of the albumen and fibrin, together with the

colouring matter, which last is thrown down separately

from the solution by ammonia. The colouring matter

subsides from the fluid, and, by sufficient washing,

may be obtained, as it is supposed, in a pure state

;

if it be then diffused through water it produces a

fluid of a purplish colour, in which the presence of

iron is not indicated by the usual tests, while they

readily detect it in the fluid from which the colouring

matter has subsided.^ But I apprehend that this

cannot be considered as deciding the point ; for we
may observe that after the crassamentum has been

subjected to the action of these re-agents, the consti-

tution and chemical properties of its component parts

will b|e. ,
considerably altered, so as not to afford us any

certain indication of their previous state. Besides,

although the precipitate that is formed upon the addi-

tion of the ammonia be a substance of a purple

3 Ann. Chim. et Phys. t. i. p. 9.
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colour, we do not seem to have any evidence that it is

composed of the red particles as they naturally exist

in the blood ; and we may further remark that tlie

experiments of M. Vauquelin differ essentially from

those of Mr. Brande, inasmuch as Mr. Brande's results

tend to prove the almost total absence of iron in the

blood.

One of the most remarkable properties of the red

globules is the change which is effected in their colour

by the action of the different gases. Lower noticed

the greater brightness of the upper and external part

of the clot, when exposed to the air, and attributed

it to its proper cause,"^ but the mathematical doctrines,

which were so prevalent about this period, led to a

different explanation of the fact. Cigna of Turin,

about 60 years ago, revived the doctrine of Lower,

and confirmed it by some ingenious experiments, but

it is remarkable that he afterwards almost abandoned

his own hypothesis.^ The subject was then taken up

by Priestley, and he not only fully established the

point, that the bright red colour of the external part

of the crassamentum depends upon the action of the

atmosphere, but he proved that it is owing to the

oxygenous part of the air alone, and that carbonic

acid and azote have precisely the contiary effect,

reducing bright scarlet blood to the purple colour."

We have every reason to suppose that it is the red

particles of the crassamentum on which the air piore

4 De Corde, c. iii. p. 178. , ^

5 Priestley on Air, v. iii. p. 357, et seq.

' Ibid. p. 363, et seq.



Globules of the Blood. 465

particularly acts/ and as these would appear to difFer

in their chemical constitution from the other consti-

tuents of the blood, principally in the iron which they

contain j it seems' a natural conclusion that the iron,

however minute in quantity, is the agent by means of

which the blood acts upon the atmosphere. Of this,

however, it is admitted that we have no decisive proof,

and that until we know in what state the iron exists

iri the blood, we can form no more than a conjecture

on 'this point.

Both from the microscopical observations and the

experiments of various kinds that have been made

upon the red particles, it would seem probable that

t%eir colouring miatter is principally or entirely, seated

iri^ their external covering, and that the central nucleus

itself is without colour. From this circumstance it

had been generally supposed that the particles were

soluble in water, but Dr. Young informs us that it is

merely the envelope, which contains the colouring mat-

ter, that is so, and he points oiit a method by which the

central nucleus may be procured, retaining its perfect

form in water, after the red part has been dissolved.^

Besides the ordinary globules of the blood, Mr.

Bauer has given us an account of another species . of

globules, which would appear to be essentially different

,7 We learn from Berzelius, that " blood in wliicli the colouring

matter is still contained, absorbs oxygen gas very quickly, when

oifl'df the body and shaken in atmospheric air;. . . . on the other

hand, serum^ when destitute of colouring matter, docs not change

the atmospheric air before it begins to putrify." View of Animal

Chemistry, p. 36.

8 Med. Lit. p. 34?.

VOL. I. 2 H



Lymph Glohiih&s

from the former, both in their nature and propevtic?^

and in the relation which they bear to the other con-
stituents of the blood. He first detected them in the
serum, where he observed them to be actually gene-
rated while the fluid was .under examination. Minutej

spots made their appearance, which gradually increased,

in bulk, until some of them attained the size of th§|

globules of the blood when deprived of their colour-

ing matter. We are informed that these globulus are^

generated in serum after it has been removed ironf

the vessels for some days ; it would appear, tlicrefore,

to be independent of any property in the fluid that is

connected with vitality, or its tendency to organiza-

tion. Similar appearances were detected in pus,

which is stated to be, in the first instance, an homo-

geneous fluid, and the globules gradually make their

appearance in it. It does not appear that tl^e ser^jmi

is actually composed of these globules, but that they

are formed from its constituents. Sir Everard Home
gave them the name of lymph globules.^

Mr. Bauer afterwards observed these lymph glo-

bules in the coagula of an aneurysm, where they exist

along with the ordinary blood globules, tlie lymph

globules being in greater proportion in the older

coagula, until it appeared that the oldest were almost

entirely composed of them. The globules in these

coagula were -ttto-o of an inch in diameter, and were

sup;posed to be the same that had been previously-

observed in the serum. The huffy coat of inflamed

blood is said to consist almost entirely of these lymph

9 Phil. Trans, for 1819, p. 2,et.se(i.
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globules, a circumstance which appears somewhat

inconsistent with the fact previously noticed, of their

being found in greater abundance in old coagula, and

with a remark which is subsequently made, that in

tumours, the firmer and older parts are principally

composed of the lymph globules, and the more recent

principally of the ordinary blood globules. From

some of Mr. Bauer's observations it might be inferred

that these lymph globules are merely the ordinary

blood globules deprived of their envelope of colouring

matter, but there are other facts stated which seem

incompatible with this idea.^

It is not impossible that these lymph globules may

be the origin of Leeuwenhoek's descending series, and

it affords us a striking illustration of the mode in

which microscopical observations may be warped and

accommodated to a preconceived theory, even by a

person of skill, science, and integrity.

§ 5. Serum,

After this account of the crassamentum of the

blood, we now proceed to the serum, or the fluid part

which is left after the separation of the clot, in con-

sequence of the spontaneous coagulation of the fibrin,

^erum is a transparent, homogenous liquid, of a light

straw colour, a saHne taste, and an adhesive consist-

ence. Its specific gravity varies in different subjects,

but it is always greater than that of water ; the average

is probably about 1.025.^ It converts blue vegetable

colours to green, thus proving that it contains a quan-

tity of uncombined alkali, and besides this it is found

I Phil. Trans, for 1820, p. 2, et seq.

^ Marcet, in Med. Chir. Trans, v. iii. p. 363.

2 H 2
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to hold in solution various earthy and neutral salts

Its most remarkable and characteristic property is its

coagulation by heat : we find that wlien the serum of

the blood is exposed to a temperature of 160°,^ it

becomes white and opakc, and acquires a firm con-4^

sistence. In this state it exactly resembles the white

of the egg, when hardened by boiling, and is found

to be essentially the same with this substance, wliencei

it has obtained the name of albumen. Although the

whole of the serum appears to be converted into a

solid mass by the process of coagulation, yet, if the

albumen be cut into small pieces, and placed in the

mouth of a funnel, a fluid drains from it, which is

called the serosity of the blood. The separation of

the serosity may be further promoted by washing the

coagulated albumen in hot water, and after this proij

cess has been continued for a sufficient length of time,

the albumen is left pure, united only with a quantity

of water ; this by the application of a moderate heat,

may be expelled, when the substance assumes tlie

appearance of a semitransparent solid, both in its

physical and chemical properties similar to the liarder

varities of membrane, except that it does not exhibit

any appearance of an organized structure.

3 Dr. Thomson quotes Cullen as stating that the coagulation of

albumen takes place at 165", hut without any particular reference

;

and this is the degree assumed by Marcet ; Med. Chir. Tr.. v, ii.

p. 378. Cullen, in his " Institutions/' p. 206, fixes the degree atl56".

Fourcroy, in his "System/' v. ix. p. I90, fixes it at 75 C/1 e.

167 F. ; while in Ann. Chim. t/vii. p. 156, he names 55 R. i.'fe

15575 F. 5' 160 is the degree assigned hy Henry, • Cliildren,

Brande, and Ure. MM. Prevost and Dumas, in some recent ex-

periments, state the degree to be " autour dc 70 Cent." i- e. 158

F ; Ann. Chim. ct Phys. t. xxiii. p. 53.

4
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The coagulation of albumen is an operation which

must be regarded as essentially different from the

spontaneous coagulation of the fibrin, although they

are both designated by the same appellation, inasmuch

as they are produced by totally different means ; the

one by mere rest, which has no effect upon the other,

while, on the contrary, heat, which does not produce

the concretion of the fibrin, immediately converts

albumen into the solid form. The texture also of

the coagulum is different in the two cases ; the fibrin

has a tendency to arrange its particles in a specific

manner, so as to present the appearance of an organized

body, but nothing of tliis kind takes place with respect

to the albumen ; it simply concretes into a mass of

an nniform consistence, in which the albumen remains

united to the water that previously held it in solution.

Besides heat, there are other agents which are said

to coagulate albumen; alcohol, acids, metallic salts,

and tan, and, according to the curious discovery of

Mr. Brande, it may be also effected by the negative

wire in the interrupted galvanic circle. But I appre-

hend, that in these cases, although the whole or a part

of the albumen is converted into the solid form,, the

operation is very different from that of heat. Some
of these agents, as alcohol, and perhaps the stronger

mineral acids, produce their effect by abstracting a

portion of the water which held the albumen in solu-

tion, while tan and the metallic salts unite with the

albumen and form a compound which is insoluble in

^ater, and consequently separates from the fluid, thus

producing an effect, which should rather be styled pre-

cipitation than coagulation.
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Albumen which has been coagulated by heat, to

which I shall at present confine my remarks, differs in

many respects from albumen before it has undergone

this change. Besides its conversion from the fluid

to the solid form, many of its physical properties are

altered, and it is differently acted upon by chemical

re-agents, especially by water, in which it is no longer

soluble. The efficient cause of the coagulation of

albumen is a question that has been frequently dis-

cussed, but hitherto, I conceive, without much suc-

cess. We are informed that the specific gravity of

albumen is not affected by the process, so that we may

conclude it does not depend upon condensation;

nothing is added to it, and nothing is abstracted from

it ; for although Scheele endeavoured to prove that

there was a fixation of the matter of heat, and Four-

eroy, in his vague way, attributes it to the absorption

of oxygen, we do not find that there is any foundation

for this opinion. We learn indeed from the experi-

tents of Carradori, that the coagulation takes place

as readily when the contact of air is prevented, as

when the albumen is exposed to the atmosphere ; and

he likewise informs us that the substance experiences

no change of bulk during the operation.'* We can

only, therefore, account for it upon the supposition

bf some change which the figure or nature of its par-

ticles have experienced, by which their relation to

each other is altered, without their being brought

fiearer together, or, as far as we can percei^'e, being

Arranged in any specific manner analogous to organi-

4 Ann. Clum. t. xxix. p. 98, 9'
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Nation. But we are unable to explain what is the

nature of this new relation, or what are the means

by which it is effected.

Dr. Thomson supposes that the process of coagu-

lation is analogous to the change which takes place in

a solution of silicated potash, when it is saturated with

muriatic acid, where the acid gradually detaches the

potash from the silex, which being thus left at liberty,

unites with a portion of the water and forms a gelati-^

nous mass.'^ But it may be objected to Dr. Thom-

son's hypothesis, that the case he adduces is one of an

interchange of chemical elements, which in fact pro-

duces a precipitation, but which is brought about so

slowly, that the precipitated body becomes united to

a portion of water, instead of being thrown down

separately, as it would be under ordinary circum-

stances. With respect to albumen, however, we have

iio evidence that any chemical change takes place

among its constituent parts, or that any thing ana-

Jjogous to precipitation exists.

Mr. Brande employs a method of explaining the

phenomenon which is somewhat different. He regards

>liquid albumen as a solution of solid albumen in alkali,

and upon this principle he endeavours to show how

the action of the galvanic apparatus, of alcohol, and

bf acids, coagulate albumen by abstracting the alkali.^

But I think I have proved by direct experiment, that

the quantity of alkali in albumen is miich too minute
to retain it in solution, and that the alkali may be

neutralized and the albumen still retain its fluid

5 System, v. V. "q, ^ PIiU. Traiis. for 1 809, p. et seq.
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form ;^ besides I do not perceive liow this explauatiou

applies to the action of caloric. Upon the whole I

am disposed to regard tlie coagulation of albumen by

heat as an effect entirely sui generis, as one which at

present we are not able to refer to any general prin-

ciple.

The most important chemical properties ofalbumen,

while in its liquid form, are its solubility in water,

and the precipitates which it forms with the mineral

acids, tan, and a variety of metallic salts. Of the

acids, the muriatic is supposed to combine with it the

most readily, and is therefore employed as one of the

most delicate tests of its presence in a substance

where we suspect it to exist. Tan forms with albu-

men a dense precipitate, of a tough consistence, and

insoluble in water. A variety of the metallic salts

precipitate albumen, and, like the acids, serve as very

delicate tests of its presence j of these probably the

corrosive sublimate, or the bichloride of mercury, is

the most" delicate, and at the same time the most dis-

criminate, as it appears to have no action upon any

other of the animal substances which enter into the

composition of the albuminous fluids.

The chemical relations of coagulated albumen, as

I have already remarked, differ materially from tliose

of this substance before coagulation. It then becomes

completely insoluble in water, unless by heating the

water under strong compression it be raised to a

temperature considerably above the boiling point,

and then it would appear that the albumen is rather

7 Med. Chii-. Trans, v. ii. p. 173, l?*-
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decomposed tlian dissolved. Coagulated albumen is

partially soluble in sulphuric acid, but one of its most

interesting chemical relations is that which was de-

scribed by Mr. Hatchett, where he found that by

digesting it for some time in diluted nitric acid, it is

converted into a substance which possesses the phy-

sical and chemical properties of jelly. If the nitric

acid be applied in a concentrated state, and the action

be assisted by heat, the albumen is dissolved, and the

fluid assumes a yellow colour, which is changed into

a deep orange by the addition of ammonia, a change

which may be employed as a test of the presence of

albumen in the solution.^ The caustic mineral

alkalies act readily upon solid albumen, and form

with it a saponaceous fluid, which may be substituted

for some of the coarser kinds of soap in various

manufacturing processes.

§ 6. Serosity.

The portion of the serum which remains fluid after

the albumen has been coagulated by heat, and which

may be obtained either by washing the coagulum

with water, or by simply suffering the fluid part to

drain from it, is called the serosity. Compared witli

the other constituents of the blood, it exists only in

small quantity, and is generally so connected witli

the albumen, that it was some time before it attracted

any attention ; and partly on this account, and partly

8 Phil. Trans, for 1800^ p. 385 j for a good view of tlie che-

mical relations of albumen, both in its iincoagulated and in its

coagulated state, see Thomson's System, v. iv. p. 406'.
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from its being a compoiincl substance, consisting of

several ingredients, it was not until very lately that

any correct notions were entertained respecting it.

Its existence as a substance distinct from the albumen

appears to have been first announced by Butt, in a

thesis published at Edinburgh in 1760 its proper-

ties were still further developed by Cullen in his

" Institutions," ^ and it afterwards became the sub-

ject of more minute chemical examination in France,

by Fourcroy and Vauquelin,*^ and by Parmentier and

I>eyeux.^ The most important point which the

French chemists stated, as the result of their experi-

ments, is the discovery of a quantity of gelatine, or

animal jelly, in the serosity, which was said to con-

stitute the bulk of the animal matter contained in

it, and to which it owed its specific properties. The

account which was given of this substance, especially

by Parmentier and Deyeux, was so much in detail,

^pd« altogether bore so much the appearance of accu-

racy, that every one acquiesced in their statement,

and not only was jelly always considered by systematic

chemists to be one of the constituents of the blood,

but means were pointed out for ascertaining its pro-

portion, and many important physiological specula-

tions were derived from its supposed agency in the

animal economy.*

9 De Spontanea Separatione Sanguinis, p. 53, et seq.

I § 247 . . 253.

a Ann. Chim. t, vi. p. 181 ; and t. vii. p. 157'

3 Journ. de Phys. t. xliv. p. 438, 9- ^

4 Sprengel, a writer of extensive information, and generally of
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During a c61ir§e bf experiments on the nature of

the animal fluids, in which I was engaged in the

years 1805 and 1806, I examined the serosity of the

blood, but was unable to detect the smallest quantity

of jelly in it, or in any other of the albuminous

fluids, so that I was led to conclude that jelly neveir

exists as a constituent of the blood.' This discover^

has been since amply confirmed by Prof Berzelius,

Dr. Marcet, and Mr. Brande, so that notwithstanding

the high authority and the weight of experiment by

which the contrary opinion appeared to be supported,

we may certainly decide that the blood contains no

gelatine. At the same time, however, that I made

the above experiments, I found that the serosity con-

tains a quantity of animal matter, and that this

matter is not albumen, but it was difficult to ascer-

tain any other than negative characters for it, as it is

always united with a quantity of soda, and with a

variety of oth^r salts, froim tvhich I know of iio

Inethod of separating it, without it§ being, at the

same time, decomposed. To this substance Dr.

Marcet has applied the name of muco-extractive

matter ;^ I have preferred styling it the uncoagulable

iliatter of the blood, as a term expressive of its most

characteristic and distinctive property. As far as I

have been able to ascertain its nature, it is not coagu-

great accuracy, describes the jelly of the blood in the following

terms ; " namque gelatina, quam continet (serura) in frigore dun-

taxat coit, nequaquam Vero in sestu." Inst. Med. t. i. p. 381.

5 Med. Chir. Trans, v, i, p. 71» et seq.

^ Ibid, y. ii, p. 36"4r
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lable by heat, or by any other means; it is not affected

by corrosive sublimate, or by tan, which are the apt-

propriate tests of albumen and of jelly respectively,

but it is copiously precipitated by the muriate of tin,

and still more so by the sub-acetate of lead. These

re-agents have indeed been supposed to act rather

upon the salts contained in the serosity than upon the

animal matter, but the presence of this latter may be

unexceptionably indicated by nitrate of silver ; this

does not produce any immediate change upon it,

and if it be kept in the dark, remains for a long time

without alteration, but upon exposure to light, com-

municates to it a black colour, as it does to animal

matter generally.

. Although, I think, there is sufficient proof of the

existence of this peculiar substance in the serosity,

and of its being a proximate animal principle dif-

ferent, from any other of the constituents of the

blood, yet a contrary opinion has been maintained by

Mr. Brande. Mv. Brande principally resting upon

theMfiict, that when the serosity is exposed to the

action of the galvanic apparatus, a quantity of

coagulum, apparently similar to albumen, is collected

round the negative wire, supposes the animal matter

in this part of the blood to be merely albumen, held

in solution by an alkali. But I thiuk, from ihe

manner in which he performed his experiment, it

will be found, that the serosity upon which he ope-

rated was in an impure state, and that it still con-

tained a quantity of albumen, which was separated

by the action of the apparatus. Besides, I found by
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direct experiment, that if the alkali in the serosity

be neutralized,:, and even if there be an excess of

acid, still there, .'is no tendency to coagulation mani-

fested by the animal matter which it contains, under

circumstances which would immediately have pro-

duced this effect in an e(|ually concentrated solutionrt

of albumen.

Prof Berzelius entertains a different opinion respect-

ing the nature of the animal matter in serosity. Pie

says, " it is clear that Dr. Marcet's extractive matter is

the impure lactate of soda." It would seem that he

conceives, that a part of the soda of the blood, which had

been supposed by other physiologists to be in a caustic

state, is in combination with the lactic acid, and that

this salt is united to a portion of animal matter. I

do not, however, find that he has distinctly stated

what are the properties of this animal matter, whiclaP

is combined with the lactate of soda, whether he

considers it to be a portion of the albumen whick

remains attached to it, or something of a specifixf

nature. Although, therefore, we may admit, upon
his authority, the existence of the lactic acid, or of

the lactate of soda in the blood, I do not think that

this affords any objection to the proofs that have been

adduced by Dr. Marcet and myself of the un-

coagulable matter as forming one of its essential

constituents.

The only remaining ingredients of the blood are

the various salts that arc found in it, which, although

7 Med. Chir. Trans, v. iii. p. 231 ; Progress of Animal Cliem.

p. 16".
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they might in one sense be regarded as extraneous

substances, yet they are so constantly present, and so

pearly in the same proportion under all circumstances,

that we must regard them as an essential part of it.

They appear to have been first distinctly noticed by

Guglielmini f they were examined with considerable

skill and accuracy by Rouelle,^ and since his time

have been frequently made the subject of examin-

ation, but for the latest and most correct account

of them we are indebted to Dr. Marcet and Prof.

Berzelius.

Dr. Marcet, after coagulating the albumen and

washing out the serosity from it, evaporated the solu-

tion thus obtained, and incinerated the residuum, by

which means he obtained the saline matter in a sepa-

rate state ; it was found to amount to rather more

than 9 grains in 1000 grains of serum. Of these 9

grains .about 6^ were muriate of soda, combined with

a small quantity of muriate of potash, about 1^ of

the subcarbonate of soda, with minute quantities of

^he sulphate of potash, and the phosphates of lime,

iron, and magnesia.^ There is reason to suppose that

the soda which Dr. Marcet obtained in the state of

a subcarbonate exists in the blood in the caustic state.

Prof. Berzelius's analysis of the salts of the serum

agrees with Dr. Marcet's very nearly in the quantity

of the muriates, which he estimates at 6 grains from

1000 grains of the serum ; the absolute amount of

8 Operaj 1. ii. de Sanguinis Natura, sect. 52,

9 Journ. de Medicine, t. xlvi. p. 65, et seq. (1776.)

« Med. Chir. Trans, v. ii. p. 370.
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the soda we cannot ascertain, as he only gives it as

existing in the form of an impure lactate, and with

resp.ect to the other salts, the sulphate of potash an^

the earthy phosphates, he supposes that they did not;

previously exist in the blood, but were gener^te^

during the process of combustion.^ The difference

of opinion which thus appears between two chemists,

of sp much eminence renders it very desirable that

the experiments should be carefully repeated, that

tbiQ existence of the lactic acid may be confi],:me,d, and

a further examination made of the animal TOtt^

which forms the basis of the serosity.^

Since we find that a certain quantity of saline mat^*

ter is constantly present in the blood, as well as in all

tl^i^jpther albuminous fluids, we are naturally led t(^

c^n^clu^.e^ that; these salts perform some useful pur^

pose in the animal oeconomy, yet we are at a loss to

say what this purpose can be. It has been conjee^

tured that they may stimulate the nerves of the heart,

and thus contribnte to the contraction of its muscular

fibres,* that they may aid in the operation of the

secreting organs, or that they may contribute to the

process of digestion ; but these suppositions are all

gratuitous.

Trans, v. ill. p. 231. See also Dr. Prout on the

saMi^ it! albumen ovl, in Phil. Trans, for 1822, p. 385.

, (]^)Sir Everard Plome, in dissecting an aneurysmal tumour, found

a ma^s of crystals, which were analyzed by Mr, Faraday, and are

stated to have been " sulphate of lime, with muriate and phos-

phate of soda," which, it is added, are " salts usually met with in

the blopd." Phi]. Trans, for 1820, p. 3.

4 Whytt's Works, p. 26. . i a...
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Sulphur has been enumerated among the consti-

tuents of the "blood, but its existencp would appear to

be rather problematical. The only direct proofs that

have lSeen brought of its presence is the effect of

serum in tarnishing silver, when heated in contact

with it, and the fact mentioned by Vogel, that when

serum is beginning to decompose, a gas exhales from

it which has the property of blackening the acetate

of lead.^

Although the animal substances which enter into

the composition of the blood possess properties, botb

chemical and physical, which are sufficiently charac-

teristic to distinguish them from each other, yet they

may all be resolved into the same ultimate elements,

carbon, oxygen, hydrogen, and azote. MM. p^y
Lussac and Thenard have endeavoured to ascertaiu

the respective proportion in which these elements

exist in albumen, in fibrin, and in jelly, but the re-

sults ^aii scarcely be regarded as more than approxi^

niations to the truth. They are as follows

:

Albumen. Fibrin. Jelly.

Carbon 52-883. .

.

. 53*36 47-881

- Oxygen . . . 23-872 19-685. . . . 27-207

Hydrogen . 7*54 7'021 7-914

Azote 15-705 19-934 l6-998«

5 Ann. Chim. t. Ixxxvii. p. 215. Berzeliiis objects to the opinion

that sulphur is a constituent of the blood, bat admits that it is so

of the albumen ; View of Animal Chemistry, p. 11. Tliis state-

ment appears so singular, that I suspect there must be some inac-

curacy in the translation.

<5 Thenard, Chim. t. iii. p. 523, 528, 534, Notwithstanding

the ingenuity of the process which was employed by MM. Gay
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§ 7. Different States of the Blood.

We have a few experiments, but those not very

satisfactory, upon the relative composition of the

Hood in the different periods of life, and in different

morbid conditions of the body. From these we may

be perhaps authorized to draw the inference, that the

proportion of azote increases as age advances, and as

coinciding with this opinion, that there is more fibrin

in the blood of the adult than in that of the infant.

Fourcroy informs us that he found the blood of the

foetus to contain no fibrin, but in its stead a gelatin-

ous substance, which was not reddened by the contact

of the air, and also that there were no phosphoric

salts in it.^ We may probably admit the general

fact, but the imperfect state of animal chemistry

when these experiments were performed will not allow

us to place implicit confidence in the statement.

Pathologists have minutely described the different

appearances which the blood exhibits in different dis-

eases, and the alteration which takes place in its

Lussac and Thcnard, and their known skill and address in con-

ducting experiments, it appears that the method Avhich they

adopted does not admit of perfect accuracy, and we accordingly

find that every subsequent attempt to discover the ultimate

elements of organized substances differs more or less from those

that have preceded it. For the objections to this process (which

appear to be valid) the essays of Prof. Berzelius in Ann. Phil.

V. iv. p. 492, et seq. and of Mr. Daniell in Children's Thenard,

p. 358, et seq. may be consulted.

5 Ann. Chim. t. vii. p. lC2.

VOL. I, 2 I
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physical properties, but we have scarcely a single

fact on which we can rely, that indicates any decided

difference in its chemical constitution/'

There is, however, one change of great importance,

which the blood experiences in its passage along the

circulation, that from the arterial to the venous state.

The most obvious character which distinguishes these

two kinds of blood is their colour, which, in the

large trunks of the systemic arteries, is a bright

scarlet, and in those of the corresponding veins a

purplish red. With respect to the other circum-

stances in which they differ, it is commonly stated

that venous blood coagulates more slowly than arterial,

and that it contains less fibrin, but that its specific

gravity is greater; I conceive, however, that these

points are not very accurately ascertained.

Although the relative temperature of arterial and

venous blood is a matter of fact, which one should

have supposed might have been easily learned by a

'

simple experiment,- yet it seems to be still undeter-

mined, at least we have precisely opposite accounts

given by those who have professed to relate the results

of their own experiments. Upon the whole the

weight of authority seems to be in favour of the tem-

perature of the arterial being greater than that of the

venous blood. Dr. Davy, in his experiments, which

are ihe latest aiid probably the most correct that we

* Berzelius has mentioned some minute circumstances in which

human blood differs from that of the ox, and from these is led to

the conclusion that the latter, notwithstanding the nature of its

food, contains more azote than the former; Med, Chir. Trans.

V. iii. p. 229.
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possess upon the subject, always found the tempe-

rature of the blood in the large arteries to be a degree

or a degree and a half higher than in the corres^.

ponding veins.''

A still more important difference is the one which

Dr. Crawford laboured so much to establish, the

greater capacity for heat of the arterial than of the

venous blood ; this he estimates to be in the pro-

portion of eleven and a half to ten, and it was Upon

this fact that he founded his theory of animal heat

;

but as this subject will necessarily claim our atten-

tion in a subsequent part of the work, I shall defer

for "the present the farther consideration of these

experiments, and Of the value which is to be attached

to them. The change of the blood from its venous

to its arterial state being effected during its pas-

sage through the lungs, when it is exposed to the

7 Phil, Trans, for 1814., p. 596', 597. Crawford, p. 27S, says

that the arterial hlood which he employecj in his experiments was
102°. the venous 99^°, and it may be inferred that this difference

existed while the two fluids remained in theii- respective vessels.

Plenk says, generally, that the temperature of the blood is about

g6^i and that the arterial blood is warmer than the venous ;

Hydrologia, p. S2. The results of the experiments of Mr. Cole-

Inan and Sir A. Cooper were, that the venous blood had a tempe-
rature superior to that of arterial blood ; but this apparent dis-

crepancy may perhaps be reconciled by the statement subsequently
ttiade, that although, when the heart was first examined, the
blood in the right ventricle was the warmer of the two, yet after

remaining for some time exposed to the air, the relative tempera-
ture of the two was altered, in consequence, as was supposed, of
the greater specific heat of the arterial blood ; Coleman on Respi-
ration, p. 36',

21 I g
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action of the atmosphere, is so intimately connected

with the subject of respiration, that we shall lie \nore

able to estimate the nature and amount of this change

when we have inquired into the nature of this function.

Many calcidations have been formed of the total

quantity of blood in the body, but as the data upon

which they have proceeded are extremely uncer-

tain, so the conclusions have been widely different,

and, of course, the greatest part of them remote

from the truth. Perliaps, upon the whole, the esti-

mate which would seem the nearest approximation is

that of Haller, who supposes that the blood may

constitute about one-fifth of the weight of the adult

body, the proportion of the fluids being greater in

youth and diminishing as age advances. A body

weighing one hundred and fifty pounds would therefore

contain about thirty pounds of blood, and of this it is

supposed that three-fourths or more are in the veins,

and one-fourth only in the arteries.^

The great importance of the blood in the animal

oeconoray, as the source whence all the parts of the

body derive their immediate support, and new matter

is obtained to repair the waste occasioned by the exer-

cise of our various functions, induced the earlier phy-

siologists to regard this fluid as the prime seat and

direct cause of all diseases. This doctrine is tacitly

assumed by Hippocrates, and was strenuously insisted

upon and greatly amplified by Galen, who laid it down

as the basis of all his elaborate hypotheses, that

changes in the state of the blood were the cause of

« El. Phys. V. J. 3.
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every deviation from health, and likewise, that an

original difference in the nature of the fluids gives rise

to those^ different conditions of the constitution called

tetnperaments. This doctrine, which obtained the

name of the humoral pathology, was generally adopted

b^M Galen's successors, and maintained its ground,

without ever being called in question, for many cen-

turies. Even after the chemists had subverted most

of Galen's dogmas, and had produced a total revolu-

ti6tl in medical practice, the blood was still regarded

as the origin of diseases, and they were ascribed to

an acid, an alkaline, a watery, a saline, a putrid, or

some other imaginary condition of the fluids. The

mathematical physiologists were likewise, for the most

part, humoralists, and ascribed diseases to some change

in the condition of the particles of the blood, con-

nected with their weight, size, viscidity, or other qua-

lities, which might be supposed to affect their motion

along the vessels.

The first regular opposition which was made to the

humoral pathology was by Baglivi, who maintained,

iil'i? very unequivocal manner, that disease more fre-

quently originates in the solids than in the fluids,

and that any change in these latter is to be regarded

as ah effect and not as a cause.^ The premature

death of Baglivi prevented him from extending and
maturing his ideas in the way which might have

been expected from the early promise of his talents,

9 The doctrines of Baglivi will be found in his treatise De
Fibra Motrice," a work which exhibits a powerful and original

genius, but still struggling with the shackles of authority.
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and it must be admitted that some of his prominent

doctrines are fanciful and unfounded. From this

time, however, the solids were more or less regarded

as influencing the state of the constitution, until the

hun^oral pathology received its most formidable

attack from Cullen. Since his time the doctrine of

solidism may be considered as forming the prevailing

tenets of the medical schools, and is the one to which

we usually have recourse for our explanation of the

phenomena of the animal oeconomy, which are sup-

posed to be connected with its morbid changes.

Upon the whole, I conceive, there can be little doubt,

that both our original temperaments and our subse-

quent diseases are more affected by the condition and

properties of the muscles and the nerves, than by any

physical or chemical differences in the nature of the

bipod ; yet, I apprehend, that the solidists have

gone too far in asserting that there is no original

difference in the state of the fluids. When we con-

sider the various sources from which the chyle is

derived, we might ratlier suppose that it would vary

in its properties in different cases, than that it should

possess a constant uniformity, nor are we in possession

of any experiments sufficiently decisive to authorize

us in asserting that this absolute uniformity exists.

This question will, however, be discussed more fully

when we come to the functions of digestion and

assimilation.
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§ 8. Successive discoveries respecting the Blood.

From the great number of iudividuals who have

treated of the blood, pathologists, physiologists, and

chemists, and from the erroneous opinions which

were so long entertained respecting it, it necessarily

follows that very different accounts have been given

of the nature of its component parts, and that the

same substance has frequently received different deno-

minations. It will therefore be desirable to give a

brief sketch of what may be caile4 the natural his-

tory of the blood, to notice the successive discoveries

that have been made concerning it, and to point out

the differences that have existed in the opinions of

some of our most distinguished writers on this sub-

ject.^ It will not be requisite for our present purpose

to trace the progress of opinion beyond the period of

Galen ; more especially, as there is some reason to

conclude that his doctrines were fundauaentally the

same with those of his predecessors. He supposed

tliat the blood essentially consisted of four parts, to

which he gave the names of gore or blood properly

so called, phlegm, bile, and black bile.^ It is not

very easy to determine what substances he intended

I shall here beg leave to refer to an essajr published in tbe

first Yolume of the Med. Chir. Trans., where some points respect-,

ing the natural history of the blood are discussed more at large

than is consistent with the nature of the present work.

* For a learned account of the opinions of the ancients and the

earlier of the modems respecting the constitution of the blood, I

may refer to an essay by Martine, Ed. Med. Essays, vol. ii. p. 67.
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to designate under these terms, nor, except as a

matter of mere curiosity, is it a question of any

importance, as we know that his opinions are erro-

neous. It is probable, however, that under the

denomination of a»/xa, which has been translated

cruor or sanguis, he proposed to designate the cras-

samentum or clot, that the term (pXiy^x was applied

to the serum, and that of black bile to the red glo-

bules at the lower part of the clot, which, in con-

sequence of being secluded from the air, had acquired

a dark colour. With respect to the xoXn or bile, as

one of the constituents of the blood, it seems proba-

ble that its existence was assumed, rather because

this substance was separated by the liver, and was

therefore supposed to have been previously in the

blood, than from there being any distinct part to

which the name could be appropriated.

Erroneous as these opinions were, it does not appear

that any material correction of them took place until

the time of Harvey, who, about the middle of the

seventeenth century, described the spontaneous sepa-

ration of the blood into the crassamentum and the

serum.^ He is also supposed to have been the first

who gave an account of the coagulation of the albu-

men by heat, but I conceive that his claim to the dis-

covery is very dubious, and am more disposed to give

the merit of it to Lower, who describes it in a much

more correct and unequivocal manner.* At the same

time Malpighi materially advanced our knowledge

respecting the nature of the crassamentum, which he

3 De Gener. Ex, 52. De Corde, p. 6.
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found to consist of a white fibrous substance, united to

a red colouring matter; he also saw the red particles,

which werfe afterwards so minutely examined by

Leeuwenhoek, and he likewise, to a certain extent,

understood the nature of the bufFy coat which forms

upon the blood drawn during inflammatory fever. I

have already had occasion to give an account of the

fanciful speculations which Leeuwenhoek formed

respecting the red globules, as well as of the discovery

of iron in the blood, and the discussion respecting its

state of combination, and the effect which it has in

jiroducing the red colour of the blood. After much

discussion respecting the structure of the red particles.

Dr. Young appears to have at length decided this point

by showing that the colour of the blood is produced by

a Vesicle which surrounds a colourless globule, while

the still later observations of Mr. Bauer, to which toay

be added those of MM. Prevost and Dumas, render it

probable that these central globules compose tlie fibrin.

We are indebted to Senac for some ad vance in our

knowledge of the serum, which he distinctly remarks

as' being similar to the white of the egg, and, at the

same time, points out the circumstances in which it

differs from jelly. As far as I have been able to learn,

it was he who brought into general use the terms sero-

sity and coagulable lymph, the first being applied to the

serum generally, and the latter to the crassamentum,

the simple term lymph having been before given to the

serum. About the middle of the last century there

was very considerable confusion in the names applied to

the different parts of the blood, partly from imperfect
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notions of the substances that were described, and
partly from different writers describing the same sub-
stance under different names, or applying the same
name to different substances. This was the case witli

the word serosity,^ which was first applied to the serum
at large, but was afterwards restricted by Cullen to

that part of it which is not coagulated by heat.^ Cul-
len appears to have been the first who introduced the
term gluten,^ as applied to what had been before called

by Senac the coagulable lymph, and by Guglielmini,

with more propriety, the fibre of the blood.

It was about this time that we first hear of the

jelly or gelatine of the blood, but both the terms

employed, and the properties by which it was desig-

nated, are so vague, that it is impossible to draw any

correct conclusion from them as to what the writers

intended to describe. The jelly of the blood was,

however, in the year 1790, explicitly announced by

5 The earliest work in which I have met with the term " serosite"

is in an essay of Lemery's in Mem. Acad, for 1729, on the Action

of Borax on the Animal Fluids. It was applied hy him to the

serum ; it was used in the same sense by Senac and by Rouelle ;

Journ. de Med. t. xl. p. 68, 1773. By some of the French phy-

siologists it is applied to the different species of dropsical fluids, or

anv serous secretion or excretion from the blood : see an elaborate

article, "Serosite/' by M. Viilerme, in Diet, des Scien. Med. t.li.

p. 155 et seq.

6 There has been the same diversity in the use of the word cruor:

the ancients appear to have understood by it the red blood gene-

rally, and it is used in this sense by Guglielmini, de Sang. § 44";

Haller, El. Phys. v. ii. 8, 9, and Cullen, Inst. § 249, apply it to

the crassamentum, while Bluraenbacli restricts it to the red glo-

bules ; Inst, by Elliotson, p.

7 Institutions, § 4. c. ii.
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IVfM. Fourcroy and Vauquelip, and four years after-

wards a very detailed account of it was given by MM.
Parmentier and Deyeux, in which the method of pro-

curing it and its distinctive properties were laid down

with a degree of minuteness that appeared to remove

^11 doubt on the subject. I have had occasion, how-

ever, to point out the error that has prevailed on this

subject, and, at the same time, to observe, that

although we can have no doubt about the non-exist-

ence of jelly in the serosity, yet we have been unable

to ascertain exactly what is the nature of the animal

matter which enters into its composition.^

* A very interesting series of observations and experiments have

been lately made upon the blood by MM. Prevost and Dumas,

vjhich present us with an idea of its nature and constitution that

is, in some respects, different from tl^e one generally adopted.

They regard the blood as essentially composed of serum^ holding in

suspension a quantity of red particles, which consist of central

colourless globules enclosed in a coloured vesicle. When the fluid

is drawn from the vessels, the central globules, in consequence,

it may be inferred, of the loss of their envelope are attracted toge-

ther, and disposed to arrange themselves in lines or fibres, thus

forming the basis of the clot or crassamentum. These fibres

mechanically entangle in the network which they form a quantity

of the serum and of the colouring matter, which, by simple drain-

ing, or by sufficient ablution in water, may be removed from them.

What we then procure is pure fibrin ; they therefore identify this

substance with the central globule, and the clot generally with the

entire particle. I may observe that Berzelius always considers the

fibrin and the red globules as distinct proximate principles ; Pro-

gress of Animal Chera. p. 16, 23,46'. The colouring matter is

said to be a compound of a peculiar animal substance and the

peroxide of iron : water possesses the property of breaking down
these vesicles and detaching them from their nuclei, but does not

dissolve them. The authors do aot appear to have examined the
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The general conclusions that we may form respect-

ing the nature of the blood are, that it is k conipouiiil

nature of this animal matter, nor to have made any particulaj;

observations upon the state or quantity of the iron. They have

not entered into any detail of the chemical relations of the albu-

men, they only state that various re-agents act upon it in the same

manner as upon fibrin. The existence of the uncoagulable matter

is recognized and is characterized as a substance soluble both in,

water and in alcohol, and precipitated by the salts of lead ; the^

suppose, with Berzelius, that it is combined with lactate of soda.
'

But the most important part of the researches of these gentlemeii

consists in some very valuable experiments upon the proportional

quantity of globules contained in the blood of different kinds of

animals, and of different parts of the sanguiferous system in the

same animal. As they appear to bear an exact ratio with tl^

temperature of the animal, I shall defer giving a particular account

of them until we arrive at the subject of animal heat. I shall only

anticipate so far as to state, tliat the higher is the natural temp6*

rature of the animal, the greater is the proportion of particles in

the blood, and that arterial contains a greater proportion of them

than venous blood. They afterwards entered into a very curious

investigation respecting the changes which the blood experiences iff

animals who have had the kidneys extirpated; the result was, that

notwithstanding the loss of these organs, the urea was formed and

might be detected in the blood ; but I shall postpone the farther

consideration of this subject to the chapter on secretion; Ann.

Chim. et Phys. t. xxiii. p. 50, et seq. and p. 90, et seq.

The authors do not refer to any of Sir Everard Home's papers

on the blood, a circumstance whicli is to be regretted, as it would

have been interesting to have learned how far their microscopical

observations agreed with those of Mr. Bauer. We may, however,

remark upon the coincidence between their account of the fibrin

and Mr. Bauer's description of the origin of the muscular fibre.

It would scarcely be supposed, from the perusal of these papers,

that many of the most curious particulars respecting the globules

of the blood which they have detailed, had been observed long

before by Hewson. For an account of some experiments on cer-

tain morbid states of the blood; see AiukiuUx; v. iii- p. 411.
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fluid, consisting of several ingredients of various

physical and chemical properties, dissolved, or at least

suspended, in a large quantity of water. Of these the

fibrin and the colouring matter are disposed to unite,

to separate partially from the water, and to form the

crassamentum or clot, towhich the iron is also attached.

The albumen, the uncoagulable matter, and the salts,

remain in a state of solution in the water, and com-

pose the serum; by heat the albumen is rendered

solid, and may, in this way, be detached from ttie

serosity, which consists of a portion of water holding

in solution the uncoagulable matter and the salts. By
,slow evaporation part of the salts may be procured in

the crystalline form, but the whole of the saline mat-

t^CK can only be obtained by calcining the residuum

after evaporation, when the animal matter is con-

sumed, and the neutral and earthy salts left behind,

although probably in a different state of combination

from what they originally possessed.

1 ')'/••>'.'

I'll

.bid it
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